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To all Commanpers of ships, and all 
other Officers and Mariners of our 


Englifh Nation. 


GENTLEMEN, 

BS HE kind: Acceptance of this Treatife among# you, 
hath encouraged the Continuation thereof unto the 
Seventh Impreffion ; tt. having had the Countenance 
and Affiftance of an able Mathematician, in feveral 
Impreffions, to render st the more. tompleat and*ufeful : 
finding a general Approbation of all that are exercifed in Nau- 
tical Affairs.» In this Edition there hath been a Correction 
of feveral Errors, that have e{caped in the former lsnpreffions ; 
and feveral Tables removed forward, $) at were expireds 
So hoping for as-good Succe{s in this, asim the former Im= 
preffions, I commend it to. the candid Cenfure of the fudicions, . 
and reft 


Yours to ferve you, 
Hlermitage in Wap- 


ee JOHN SELLER, 


A’ 2° On 
H'ISTORIOAL, 
MEDIGAL 


San se 
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Qn the prceical FVADIGATO: of my very 


good Friend, Mir. John Sele 


L, Our Book CkindSir) I have perus’d, and find 

| Rich Arguments of an ingenious Mind ; 

[. That for our Good your Talent will not hide, 

| But build a Light-Houfe, Mariners to guide. 
Whar others have in mighty Volumes done, 

You neatly here have couched all inone; 

Yet is your Book to no great Volume grown, 

Tho grac’d withlearn’d Additions.of your own. 

For me to.praife your Work, might. be.my blame, 

q Fearing my Meannels might difpraife rhe fame. 

: You want not learned Pens in lofty V.erfe, 

Your well-deferved Praifes to rehearfe. 

Mean.Artifts, Men obfcure (and fuch amT) 

Oughe.’wifh.and pray for your.Profperity. 

Yet roufe (for once) my humble Mufe, and let 

The Country.Oat+Pipe drown the.Flagelet. 

And tis but fitting ,(fith your Painsin “this 

To City-and to Country ufeful is) 

That City-Poetry, and Country-Lays, 

With joint Confent fhould eccho forth your Praife. 

Who doth perufe your Work, fhall furely find, 

The Subje& handled well, and well: defign? d. 

You much have done in little : ; here we find 

What in this Art may pleafe a curious Mind, 

The Longitude excepted: but if we 

Your Rules obferve, obtained it may be 

For ufe fufficient ; but the fame to get 

With certainty, is not difcovered yet. 


soli aga 


Which rare Performance, if that any can 
“Make plaialy out, I wifh you be the Man. 

But ftay, my Mufe, be fhort and not forude ; 

Pil only wifh you well, and fo conclude. 

May thefe your Labours (as they profirall) 

Turn to your Profit, and your Good withal. 

May no bafe Plagiary arrogate 
That to himfelf, which you by Pains have got. 
May never Englifh-Man be fo unkind 
(As famous * Wright, and reverend + Ward do find) 
T’afcribeto Strangers what you have fet forth, 
Detra€ting fo from their and yourtrue Worth. 
May you encouraged be, as Reafon is, 
To publifh more fuch ufeful Works as this. 
May you be happy ever inthe End: 
Thus prays your humble Servant, and your Friend, 


Wefterleigh in Glocesterfhire, a : A 
fix Miles from Briftol, Nathaniel Friend. 
Stpt.20. 1672. 
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Advertifement. 


LL {forts of Meridian, Azimuth and Amplitude Compaffes, Plats, 
Sea-Charts, both plain and AMercater’s, with Logs, Logboards, 
Leads and Lines, Books and Inftruments, or any others things belonging 
tothe Art of Navigation, are fold by febn Seller at the Hermitage in 
Wapping : alfo feveral new Books of Geography, and Maps, both greae 
and {mall, for any part of the World, 7 


* Matter 
Wright's 
Chart a- 
{cribed to 
Mer tator. 
tDr.Wards 
Invention 
of aTrian- 
gle in an 
Ellipfis, & 
applied to 
Aftrono- 
my, afcri- 
bed to Ce. 
Pagat. 


Sect. 8. Some Queftions anfwered, and the Way of W orking them di- 


An f N DEX of the Chapters and Seftions in 
this following Treatifé. 


‘HOA P. I. 4 Preliminary Difcourfe of Navigation and 
Arithmetick, 
Sect. 1, 4 preliminary Difcour(e of Navigation, 
Sect. 2. Of Numeration. 
Sect. 3. Of Addition, 
Sect. 4. Of Subtraction, 
Sect. 5. Of Multiplication. 
Sect.6. Of Divifion, 
Sett.7. Of the Rule of Three, 


Page I 
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retked, ferving to iluftrate the foregoing Rules. 12 
CHAP. Il. Containing [undry  wfeful Definitions and Problems 
“+ of Geometry. 
Sect, 1. Geometrical Definitions. 
Sect. 2. Geometrical Problems, 18 


CHAP.IL Treateth of the Dottrine of Plain Triangles 
Sect, 1. Containing fome things neceffary to be underftood in the 


Science of Plain Trigonometry, 21 
Sect. 2. Of Right-angled plain Triangles. 25 
Sect. 3. Of Oblique plain Triangles. 33 


CHAP. IV. Containing the Dottrine of S pherical Triangles, 
Sect. 1. Ofthe Affettions of Spherical T: rsangles, and thew Axioms, 38 
Sect. 2, Of right-angled Spherical T: riangles. 

Sect. 3. Of oblique-angled Spherical Triangles, 


CHAP. V. The Dottrine of Plain Triangles, applied in Problems 
of Plain Sailing, 

Sect. 1. The Application of Right-angled Triangles, 65 

Sect, 2. The Dodirineof Oblique Triangles applied. 70 


CHAP. VI. The Doftrine of Plain Right-angled Triangles, applied 
in Problems of Mercatox’s Saling. 74. 


CHAP. VII. The Dottrine of Spherical Triangles, applied in Problems 
of Great Circle Sailing, 82 


CHAP. 


An Index. 
CHAP. VII, The Dofrine of the Sphere, containing fundry Altro- 
nomical Problems, ufeful inthe Art of Navigation, 

Sect 1. Of Aftronomical Definitions, Page o1 

Sed. 2. Of Aftronomical Problems, 96 

Set. 3. Containing [ome general Aftronamical Theorses, to which are 
annexed fome Memorial Verfes of Afr. Stseet, for finding the 
Leap, Prime, Epatt, &c. 125 


CHAP. JX, 
Sect..1.. The. Original, Difcovery, and Invention of the. Alariners 


Compafs, aud the Excellency thereof. : 14 
Sect. 2. A Difcourfe of the Variation of the Compas, and the na- 

tural Canfe thereof, with Obfervations of theV ariation. 144 
Sect. 3. The Defeription and Ufe of the Aximuth-Compafs. I jae 
Sect. 4. The Defcrsptson and Ufe of the Univerfal Ring- dial. p59 

no GAAP. &, f 
Sect. 1. The Defcription and Ufe of the Crofs-Staff. " 762 
Sect. 2. The Defcription and Ufe of the Quadrant. 16% 
Set; 3 Rules for finding the. Latitude by Obfervation: 174 
Se@. 4. The Defcription and Ufe of the Noéurnal, 179 
wiRy CHAP. XT. : 7 
Sect. 1. The. Defeription' of the Plain Scale. op 185 
Sect, 2. The Ofe of Ganter’s Scale. 210 
Sect. 3. The Deftription and Ufé of ‘the Siniéal Quadrant. \\\ i233 
Seét.'4. The\Defcription and Ufe. of the 'Plain-Chart... 9... 233 
Sect.:5. The Defcription and Ufe of Mercator’s Chart. ; 236 
Sect. 6. The Defcription and Ufe of’ borh’Globes. o 236 
Sect.7. Containing fome fecret Properties of the Load-(tone. 254 
Hereunto are annexed feveral ufeful Tables. 

A Table of the Moon's Age for fix Years. 864 
LA large Tide Table. : 27% 
AAT able-of the true-Time-of Figh-Water. at London Bridg..- 280 
A Table of the Sun’s Right-Afcenfion. | | 2814 


Al Table of the Right-Afcenfion and Declination of fome of the 
princtpal fixca Stars. 233 


An Index. 


Alarge Table of the Latitudes and Longitudes of Places. Page 286 
A Table of Meridional Parts, toevery Degree and Minute. 302 
Tables of the Sun’s Place and Declination, with a nfeful Kalendar. 311 
AA large Traverfe-Table, fhewing the Latitude and Departure for 
every Quarter-Point of the Compafs, and to any Distance, 


not exceeding 10000 Miles or Leagues, 333 
Their Ufe in Navigation, efpectally in a Traverfe, and in a Sea- 

Reckoning or Journal, 340 
The Manner of keeping a Fournal at Sea. 342 
44 Table of ten thoufand Logarithms. 357 


4 Table of Logarithmical Sines, Tangents, and Secants, smme- 
diately following the [aid Table of Logarithms, 
The Ufe of thefe Tables. 438 


Advertifement. 

DN Prefcot-Street in Goodmans-Fields, are taught 
HL thefe Mathematical Sciences : Viz. Arithmetick, 
Geometry, Algebra, Trigonometry, Navigation, Aftro- 
nomy, Surveying, Gauging, Dialling, Fortification, 
and Gunnery ; likewife the Ufe of. the Globes, 
and other Mathematical Inftruments : the Projection 
of the Sphere, and other Parts of the Mathematicks, 


By JOHN COLSON, 
Who formerly lived in Marh-Yard in Wapping. 
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| CHAP. IL 


A Preliminary Difconrfe of Navegation 
and Avithmetick. . _ 3h 


SS ahd syoy og hh | SHOT. oh ch 
| Of the Preliminary Difcourfe of Navigation, 


: AVIGATION (that ufeful part of the Adathematicks) 
| ; is a Science which has been highly valued by the Antients, 
efpecially by our Anceftors-of this land, it being indeed 
the Beauty and Bulwark of England, the Wall and Wealth 
of Britain, and the Bridg that joins it to the Univerfe. 


It confif's of two general Parts. 


Firft, That which may be called the Domestick, or more common 
Navigation, (1 mean Coafting, or Sailing, along the Shore:) | This Pare 
employs the Mariners\Compa/s and Lead,.as the chief: Inftruments 3, 


and for an IntroduGtion of this kind, I refer you to my Book, entitled, 
Tbe 


= nee cA APN SAA SNE RE A A RE A a NL aa 


2 ne .  Pactteal Paviwation. 
The Englifl Pilot; and Sea= Atlas. defcribing~ the Sea- Coatts, Capes, 
Soundings, Sands, Rocks, and Dangers; the Bays; Roads, Harbors, 
Rivers, and Ports, in moft of the known Parts of the World : Being fur. 
nifhed'with new and exact Draughts and De(criptians: collectedrtrony the 
Experience of divers of ouriable Navizators % the like trot hererofoge 
publithed in England.* 
“' Secondly, That which may more properly bear the Name, and prin- 
Cipally deferves to be entituled the “rt of Navigation, is that part 
Which guides the Ship in her Cour through the Immenfe Ocean, to any 
part of the-known World > Which cannot be done, unlefs it be determin- 
cd in what Place the Ship is at all times, both jn refpect of Latitwde 
and Longitude; this being. rhe Principal Care_ of q Navigator, and the 
Malter-viece of Nautical Science, 
T° the commendable Accomnplilhment of ‘which Kaowledg, thefe four 
Things are fubordinate Requifites ; 
& Seithinesicns 
Crigananetry, and 
Che Doctrine af Che Spheres. 


OF the firtt of Which ( namely Arithmetick) ¥ fhall give youa brief 
Specimen, 


4Arithmetick is the Art of Numbring, from the Greek Word Arithmos, 
which fj 


Vike 
Numeration, Addition, Subtratlion, Multiplication, and Divifion. Q£ 
which ia Order, 


SEC T. I. 
OF NUMER 4 TION, 


A] C2eration teaches y Number {poken or pro- 
i Y when written, 


Purpofe:youare tg oblerve, That Numbers are commonly 
exprefled by thele Nine F igures, 


gnifies Number ; and in it there are fiye e{pecial Parts, 


Le <2 PHO MB Be Seg B snp 
Onc, Two, Threes four, Five, Six, Sevey, Eight, Nines 


wo I i _ 


i 
| 
| 


- flere are in the whole Squadron ? 


DF Mumevatio; — 3 

Ando which is called:a Cypher, (and by forne a Nought) becaufe of 
it felf-fignifies nothing, yet-encreafes the Value of other Figures that 
ftand behind it; for-every Figure augments its proper Value according 
to the Place it happens’in; except the firft: And are reckoned from the 
Right-hand unto the-Left, (and the Reafon is, becaufe this Art of Num- 
bering was firftitaught by the Oriental Nations, whofe Languages are 
read that way) fo that the Figure that ftands fartheft to the Right-hand 
is faid to be inthe firft place, the next to that to-be in the fecond place, 
and {o of the reft. 

Any of the, nine Figures in the firft place fignifies only its fingle Value ; 
in the fecond place, as many Tens as its own fimple Value , in the third 
place, fo many Hundreds; in the fourth place, fo many Thoufands ; in | 
the fifth place, fo many Ten Thoufands ; the in fixth place, fo. many 
Hundred Thoufandss and in the feventh place, fo many Millions 5 as 
may appear in this following Table. 2 


Units —w A mew no a 
Tens— "2 nN ewM BO 
Hundreds — -=§ V9 matwmio& 
Thoufands- ma on <k W'O 
Ten Thoufands— = 9 atin 
Hundred Thoufands—- a oo + 
Millions uN 
Ten Millions - my CQ 
Hundred Millions — 


To be read this Way. 


The lat Line of this Table is thus read, One hundred twenty three 
Mallions, four hundred fifty fix thoufand, Seven hundred eighty nine. 


SECT... THY: 
ADDITION: 


Ddition is the putting together of two or ‘more Numbers into one 
FX Sum, fo that the total Value of them all may be difcovered. 
: Example 1. in whole Numbers, | 
Suppofe there were a Squadron of Men of War of five Ships, 1 de- 
mand (according to the quantity of Men in each Ship) how many Men 


Aboard 


DEF Aoittor, 


Aboard of the biggett Ship there are 

Aboard another, 

Aboard another, | 
Aboard another, 7 Som aerate ime eoenee meeiae Sener pees toneanse oi, 273 
Aboard the laft, STE orp eet 


There are in the Squadron—————— __. en 1.700 
ee 


To add thefe together, begin at the firft Row on the Right-hand, and 
fay 8 and 2s 10, fet down/o under the tirft 5 then [ carry the (which 
ftands for IO) to the next Row, and fay 1 and 1 is 2, and 7 iso, and 
61515, and ¢ is 204 then fet down o ‘vader the fecond Row, and carry 
the 2, whichis 20, to the next Row, and fay 2 and 1 is 35 and 2 is 5, 
and 3 is 8, and 4 is 12, and § is17 + which 17 fet down under the 
third Row, and the Sum js 1700, the Number of Men in the whole 
Squadron, 


37 
e « ° ie ee, 
The Queftion is, Hom much Money st amounts to 1, S. d. 
Sor 1 Month 2 Anfwer ———__ Te tent Fane Ones in 


4 muft begin at the Row of Pence, and fecing 
¢ whole Row, you muft fet down co under the 
Then proceed to the Row of Shillings, and add up the 
Row which a 30 Shillings; fet down the 
85, and carry the 20 Shillings, os 
‘LOW Of Pounds, and fay x and 5 is 6, and 6 is 12, 
27, and 40 is37, which 37 fet down under the 
andthe whole Sum amounts to Thirty fever Pounds 

¢ Sum of all the Captains Pay forone Month, 


> 


SECT. 


| 
7 
| 
| 
| 
| 
| 
| 
| 
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DF Subtractart, 


5 BCID Av. 
Of SUBTRACTION. 


Uhtrattion (commonly called Subjftraétion) is a Rule that teaches 
how to take any leffer Number outof a greater, fo.as to know how 
much remains. Sie , 

1. Set down your greater Number, and under that your {maller, Units 
under Units, Tens under Tens, @e. and in Money each Denomination 
anfwering to its kind, as Pence under Pence, Shillings under Shillings, 
and Pounds under Pounds. 

>. Draw a Line under them, and begin at the Right-hand, and take the 
leffer Number out of the greater, and {et down what remains under the 
Line. 

3. If any Figure of the finaller Number happen to be bigger than that 
over it, then you muft borrow a Unit from the next Place, or higher De- 
nomination, to be added to the leffer Figure, fubtraCting from that Sum, 
and fubfcribe the Remainder 3 which Unit mult be added to the next 
place, or Denomination to be fubtraéted, as will appear in the Example 


following. Example. : Th. s. d. 
Suppo 1 bortow —— a 296—— 15 —— 06 
And I paid at feyeral Times —--——-—— > —_125 —— 17-94 

There remains due —-—— 170-18 —— 02 


The Work is thus performed 3 begin with the Row of Pence, and fay 
4 from 6, and there remains 2 3 then goto the Row of Shillings, and fay 
17 from 15 I cannot take, then you mutt borrow 20 Shillings from the 
Row of Pounds, and fay 17 from 355 and there remains 18, which 18 
fet under the Row of Shillings: Then proceed to the Row of Pounds, 
and fay,1 that I borrowed and 5 is 6,6 from 6 and there remains 0,which 
o fet under the firft Row of Pounds; and proceed to the next, and fay, 
2 from 9 and there remains 7 5 which 7 fetunder the fecond Row, and 
proceed to the third Row, and fay 1 from 2 and there remains 13 then 
is the Queftion finifhed, and there remains 170 tb. 185, 2 d, unpaid. 
And the Queftion ftands thus, ile $ d. 
Now to prove whether the Queftionis truly 296-15 "06 
wrought,add the Remainder and thelower © 129——~17 ——=04 
Number togethers and if the total of that aoa te 
Addition be the fame with the upper Nam- - 
ber, then is the Work right. eye et ee 


OF Gduitiptication, 


SECT, y. 
of MULTIPLICATION. 


Is Uhiplication teaches how to encreafe the greater of two Num- 
bers given, as often as there are Units in the leffers and: 
ferves inftead of many Additions, 
2. In Multiplication there are three Parts. 
1. The Multiplicand, or Number.to be multiplied, 
a2. Dhe Multiplier, or Number by which it is thultiplied,. 
_ 3». The Produ@& made by the Multiplication... 


Example. 


792 Multiplicand 
32 Multiplier. 


Before you can make any progrefs in this: 
Rule, you muft perfeGly get the fol- A ih 
lowing Table:by Heart, 25344, Product.. 


Multiplication T, able. 


©] 8 fre] a4 3a| 4/4 
9 \9 118] 27 136/45 
The Ufe of the foregoing Table. 
Note; That on:the Topand left fide.are placed the 9. Digits,- which 


‘are-to-be multiplied one'by anothers and. in the common Angle of 
meeting, yeu-will-have the Produ, . 


Exar~ 


DF Wultiniication. 
Example. 
el * ® St ¢ % } 2 gf mv a 
Suppote I would multiply 7 times 9 5 look on the lett- fide af the Ta- 
ble for 7, and on the top of the Table for 9, and inthe Angle of meeting 
(in the Column next the right-hand) you will find 63, the Anfwer of 
the Quettion. | 
Qucltion 1. 
Suppofe: there are 1700 private Seamen, in a Squadron of 
one Month ? Set your Numbers thus, the greater Number uppermiogft. 
1700. Multiplicand. 
23 Multiplier. 
5? 


5100 
3400 
39100 Shillings, the An{wer of the Queftion. 


The Numbers being plac’d as is before dire&ted, ‘beginthus, and fay, 
3 times ois O, fet that under the 3, and proceed to the next Figure in 
the Multiplicand, and fay again, 3 times 0 is0°5 then fet thac o under the 
2, and proceed to the next, and fay 3 times 7 is 2135 fet down the r 
under the 75, and bear 2 in Mind, and proceed fo the next Figure in the 
Multiplicand, and fay 3 times 1 is 3, and 2 that¥-carry is 5, fet that down 
under ther 3 then have you done with the fir{ Produ&;: Then go to 
the next Figure in the Multiplier, and proceed as you did before, and 
che fecond Product wilt be 3400, which: muff be fet down under the 
other, only with this Caution, to move it one place more’to ‘the left- 
hand, as you may fee in the Work: then add thefe two Nuinbers toge- 
ther, and the Produ& will ‘be 39 100, ‘whicts are Shillings, | the whole 
Sum of the Wages for 17 09 Men for one Month. | iB ¢ 


Example 2. 
In 235 Degrees, How many Minutes * 
Multiply the Degrees by 60, the is 
Number of Minutes in one Degree. 14100 Minutes, 


Rule, if any Number is given to be 
or 1000, it is but adding fo many Cyphers to 

that willbe the Produ@. As thus, 

it will produce 2320 5 by 100, 232005 


Note 5, For a Contraction in this 
multiplied by 105 19% 
che Number given, and 
If 232 be multiplied by 10, 
by 1000, it will be 232000, Ge 
B 2 SECT. 


2] 


; of Diviion, | 


SEC T. VI. 
Of DIVISION 


Ivifien teacheth to find how many timesa leffer Number is contain. 

ed ina greater, and fhewing what remains, {upplying the ufe of 
many Subtractions. It confilts of three Parts, Dividend, Divifor, and 
Quotient: The Dividend is the Number to be divided : The Divifor is 
the Number to divide by, which is always leffer than the Dividend. 
The Quotient is the Sum produced, by thewing how many times the 
Divifor is contained in the Dividend. And if any thing happen to remain, 
it is called the Remainder. 


Example x, 


Dividend. 
Divifor SAG 62 Quotient.. 


occ Geers 
10 
3 
wong 5 
2. Remainder. 


Suppole 4684 tb. isto:be divided among@ 54 Men; how much will 
each Man’s Share come to ? 
Set_your.Numbeis in order as- you fee in the following Work, (which. 


is the eafieft. Way of Divifion in my Opinion) to prevent {cratching of 
the Figures, and it will fand thus. 


OF Divifion, 


: Example 2, 
Dividend. 
aie 4684 : nas 
Divifor ye (86 Quotient... 
364 


ck Ores 
40) | 
20 The Shillings in one Pound, to reduce the. 
ee ee Remainder into Shillings. 
s4)54 Cag 
260 
216 


44 » 
wie The Pence ina Shilliny,to reduce the Remaind= 
38 er into Pence.. | 


44 


28/4. 
54) ene 9 
42 . 
4. The Farthings in a Penny, to reduce* it into 
168 (% ... Farthings. | 
54) 162 3 : 
So that’ if 4684 tb. is to be divided amongft 45 Men, there is coming. 
to each Man’s Share 86 tb. 14 5.9 d. 3 qs. as doth appear by the Work. 
Note; That the beft Proof of Divifion is. by Multiplication (thus, 
Multiply the Quotient by the Divifor; ‘and add- the Remainder (if any 
be); and if the Produét be the fame with: the-Dividend, then is the: 
Work right, otherwile there is fome Miftake. | e 


5 SECT. VIL 
Of the Rule f THREE, 
@ ho Rule: of Three ( for its excellent Ue called the Gelden Rule) 


_which-teaches from three Numbess given, to find a fourth in pro- 
portion: 


Of the Rule of Three, 

portion thereunto, which is done by multiplying the fecond and third 
Numbers together, and dividing the Product by the fir 5 and the Quo- 
tient of the {aid Divifion is the Anfwer of the Queftion. ee 

As if 25 Tuns of Wine coft 800 tb, What thall 35 Tuns coft ? 

Here Note; That the firft Number and the third mutt always be of the 
fame Denomination, As ifone be Pounds, Pence, Yards, Tuns, Hours, 
Men, @¢. {0 refpectively mut the other be: and the like is to be un~ 


derftood by the fecond and the fourth, as inthe following Numbers, 
which are thus difpofed. 


Tuns Pounds Tuns, 
25 ——— 800 —___- __ 35 

This Rule is performed (after anapt difpofal of the Terms) by Atul. 
tsplication and Divifion. But note that. this Rule hath two Varieties, 
viz. Direét and Reverfe. Now for the Proper difpofing the Terms in 
any Quefticn propounded, it is neceffary to give a general Rule to know 
whether the Queftion. muft be wrought by the dire@ Rule; or the Re- 

verte 5 which is this: When in the Queftion more requires more, or lef 
requires lef$: As in this Queftion ; 

If 25 Tuns of Wine colt 800 #5. What will 35 Tuns coft? Here it 
is evident’ that the ‘third Term is more than the firft, and therefore re- 

“quires more. So in this Queftion; 

If 750 tb. give 45 th. Intereft for a Year, What ‘fhall $0 tp. give ? 
Here ’tis plain that 50 fp. is le than 75° Ib. and ¥equires‘lefs Intereft. 
Therefore both thefe, and all fuch like Queftions, -muft- be wrought by 
the Rule of Three Dire&, wherein the Rule is plainly‘ thus ; Multiplythe 
fecond Number by the third, and divide by the firft, the Quotient thall be 
the fourth Number fought... As'in the firft of thefe Examples, multiply 
%0o by 35, and the Produ@ is 280003 ‘which being divided by 25, the 
Quotient is 11206; which thews that 35 Tuns will coft.1120 tb. 


=k — haere oe ‘ ” — 
ST RC en Pee 
+ in eR a; iid peda aE * 


DE the Bute of Three. 


| The Operation. | 
Duns | Tuas fb. 
25——--»+-= 800 +35, . Anfm, 1129, 
ih oo 
4.000 
_2400 
Sp neain 120 tb. 
30 
25 
50 
50 


And fo in the fecond Example: Multiply yo by 455 it makes 22505 
which divided by 750, the Quotient is 3 5 which thews that the Intereft - 


of so 1b. for a Year is 3 ib. 


: The Operation 
tb th 2. Tb 
| on 75° 45 59 
, | 59 


lo slo) 22510 GG tb 

| The Rule of Three Reverle is to be ufed, when in the third Number. 

|: more requires lefs, ot lefS requires more § and then the Rule is thus; 

| Multiply the firft Number by. thefecond, and divide the Product by. 

the third, the Quotient fhall be the fourth Number fought, which al-- 

ways (as in the dire: Rule) (hall be of the fame Denomination with 

the fecond Number. For Inftance 5 
Tf 24 Pioneers require 16 Mont 

Town; How many Pioneers mutt 

-Trench-in 4 Months ? » : 
In ftating this Queftion you mutnote, That 24, though it be the firft 

named, is not to be the firft Number in the Work, becatyg /the middle 

Term mult always be of the fame Denomination with that which is - 

fought. And the three Numbers put in order ftand thus: 

Oe “WMonths Pioneers Months. 


1 mer ners Bin 


hs to dig. a Retrenchment about a: 
there be employed to dig the like 


pn tain arent cane me ot 
shininsimntstinsarsiansiamtstitstinn 
cemecicean a aa testa 


a ee _, OF the Rule of Circe, BA 
: Bern) is plain lefs requires more, that is lefs Time more Hands: 
The cfore it mutt be wrought by the Rtile Reverfe, and accordingly. yau 
may ultiply 24 by 16, and divide the Produ by 4. the Quotient 4s 
$6 3 a. doth appear by the Work : wie is, that 96 Pioneers mult be 
ployed to finifh the Trench in 4 Months, ; 
Meee The Operation 
Pioneers, 


24 
384 Gimes 
4); ( 96 Pioneers, 


24 
24 


O 


SS ReCeyTy “Vviiy | 
Some Queftions anfwered, and the W. £y of working thems di- 


vetted, ferving to illuftrate the foregoing Rule. 


la ADDITION. 


Queff, An antient Lady being demanded, how old the was? To avoid 
a direct Anfwer, faid thus, I have g Children, and there were three Years 
between the Birth of every one of them, my Eldett was born when I was 
19 Years old, which is now exactly the Age of my Youngeft. How old 
now is this Lady ? 

Anfw. Xt isrelolved by Addition thus : Firft, Set down her Age when 
her firft Child was born, which was 19, then the Difference between that 
and the Birth of her Youngett which is 24, and then the Age of the 
Youngeft 19 5 which being added together, thews the Lady to be 62 
Years of Age, | 

19 Her Age. 

24 Difference between the Children, 
19 Age of her Youngeft, 
62 Lady’s Age, 


Iz 


+ OF the Bute of Chee. 


a. hy In SUBTRACTION. = 
| t Oneft.’ In the Year of our Lord 1588, ‘was the Spanifh Invafion ; In 
the Year 1595, ! demand how long it is fince ? | 
» Anfw. ‘Subtra& 1588 out of 1695, there remains 107, Gic Time 
-. ince (tothe Year 1695.) 
-In- MULTIPLICATION. 
 Oueft. How many Statute-Milesare there in the Circumference of the 
Body of the Earth, whofe Circuit is 360 Degrees, and each Degree con- 
tains (according to Vulgar Computation) 60 Miles ? 
Anjo. Multiply 360 Degrees by 60, (the Milescontained in one De- 
vree) and the Product is 21600 Miles. | 


The. Oper ation. 


360 
i crs ; > ° 60 


= 21600 . 
Ie DIVISION. 
: Queft. Vi the Circuit of the Terreftrial Globe is 21600 Miles 3 
3 Suppofe a Man travel continually in a dire Line (under one of the 
Greater Circles of the Sphere) 14 Miles a Day : In how many Days can _ 
he compas it ? . : : 
Anfm. Divide 21600 by 15, your Quotient will be 1440, which 
thews that in fo many Days he. may effet it’; that isin {ormewhat lefs 


_ than 4 Years. Be oe, 
"Phe Operataen. 


3 216007 _ 
s)HerCaaH0 
sa 
Be. 60 
— socmmnenel SSS 
ee be 60 
60 


- OO 


In the Rule of THREE. 
Queft. A Man lent me 400 tb. for 7 Months, without Interelt : How 
mich siaG I lend him for 12 Months to retaliate his Kindneds ? 
: G | Anfm: 


ie DE the Rule of Three. 
| ESAnfo, This mutt be folved by the Reverfe Rule of Three, and mutt 
be thus fated. 
| Months. Tb. Months, 
ee 7 ———~ 400 = ———— 1 

Where ’tis plain that more requires lefs3 that is, though the third 
Number be more than the firft, yet it requires a leffer Number to anfwer 
unto it than the fecond: Therefore you muft multiply 400 by 7, and 
it is 2800, which divided by 12 (the third Number) makes 2 33 tb. and 
4 1b remaining, the 12 part of whichis 6 5.84, So the Anfwer to the 
Queftion is, That I mu lend him 2 33 Ib. 6 s. 8 d, for 12 Months. 


The Operation, 
Months Ib. Months. 
7 GOO nn T 2 


_ Ihe Operation. 


ns 
4, Which being reduced by 20 the 
Shillings in one Pound, and ig 

is 80 Shillings; which being 

divided by 12. produceth 6s, 

and 8 remaining, which is 25 

of a Shilling, or.8 Pence. | 
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CHAP. IL 


Containing fundry ufeful Definitions and 
Problems of GEOMETRY. 


SECT. L 
Geometrical Definitions. 


Point is that which cannot be divided, having neither Part nor 
Quantity, and therefore void of Length, es 
Breadth or Depths and is reprefented in the A, 


Margin, by the Letter A. 


A Line is Length without Breadth or A 


Thicknefs, andis Right, aA 5 YP 
Or Curved, as B. ; B ee 


An Angle is the Inclination of two Lines one 
to another, the one touching the other, yet not fo 
asto make one Lines as the Lines B A and BC, 


A 
A Right-lin’d-Angle, is that which is con- mek 


tained by right Lines, as the Angle ABC. = 


A Right-lin'd-Angle, iseithex Right, orOblique, : 
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Geometrical Definitions. 


A + Orr B 


Ac 


Bs 


! 


A Right-Angle is when a Right-Line, 
fianding upon a Right Line, makes the Angles 
oneach fide equal to tach other 5 as the Right- 
AnglesA CD, and BCD, 


An Oblique-Angle is either Acute or Ob- 
tufe. ° 

An Acute-Angle is les than a Right, as 
the Angle D E B. 
-\ An Obtufe-Angle is greater than a Right- 


Danole, as A E B, 


A Plain-Figure is contained under one 
Term, or more. | 
A Circle is a Plain Figure contained under 


! one Term or Line, called the Circumference, 


unto which all Lines drawn from a certain 
Point within the Figure are equal; and that 
Point is called the Center, as A. 


A Right-lin’d Figure is contained by 
Right-Lines, and is either three-fided, four- 
fided, or many-fided. 


A Triangle is a three-fided Figure, and is 
confidered either in refpe of its Sides,. or 
Angles. 

In refpect of its Sides, °tis either, 

Equilateral, having three equal Sides ; 
as A: 


Ox Equicrural, having two equal Sides ; 
as B, 


Or 


—_ emt: 


- Or Scalenum, having three unequal Sides 5 
as D. 


— Tn refpeét of its Angles, ’tis either, — 


Right-angied, which hath a Right-Angle 5 
as E. | 


Or Oblique-angled, which hath no Right- | 
Angle, but hath two Acute-Angles and one 


Obtufe-Angle 5 asC. 


Or three Acute Angles, as. 


Of four-fided Figures. 


A Sqeare is that which hath four equal 
Sides and four Right-Angles 3 as A, 


An Obleng hath four Right-Angles, and 
the oppofite Sides equal ;. as B. 


ar 


A Rhombus hath four equal Sides, but is not. 


Right-angled; asC. 


A. Rhomboides hath the oppofite Sides and 
Angles equal, but is neither equal-fided nox 
Right-angled 3 as D. 


Geometrical Definitios. 


Geometrical Problems, 
All other four-fided F tases are called Traperéa’s, 
as E, 


Parallel, ox equi-diftant Right-Lines are fuch, 
—————— which being in the fame Superficies, if infinitely pro. 
——— duced, would never meet, as A and B, 


SHC a 
— Grothetvical z0blems. 


Flow to rsife a Perpendicular on the middle of a given Line. 


& ET the given Line be A B, andC 
coat a f,) be a Point therein,’ whereon it is re- 
quired to raife’ a Perpendicular. Firft, 
open the Compaffes- to any convenient 
diftance, and fetting one foot in the point 
C, with the other fet off on either fide 
thereof the equal Diftances,C A and B: 
Then opening the Compaffes to any con- 
Venient (wider) diftance, fetting one 
foot in the Point A, with the other firike 
the occult Arch at F; then with the (ame diftance fet one foot in the 
point B, and with the other draw the Arch E, crofling F in the point D, 
from whence draw the Line DC, which Line is a Perpendicular unto 
the given Line A B, as was required, 


‘ 
A “SERE. f odercereernce cag RT B 


Geometrical Problems: 


To bet falta Perpendicular from a Point affigned, to 
the Middle of a given Line. 


Let B CD be the given Line, and A 
the point affigned, from whence you 
would have a Perpendicular let fall: 
Firft fet one foot of your Compaffes 
in the Point A, and opening them to 
any convenient Diftance, defcribe an 
Arch of a Circle that it may cut 
the Line BCD at E and F; then 
find the Middle between E and Fwhich 


— 


will be the Point ©, from which 


point draw the Line AC, which is the Perpendicular Line | requi- 


red. 


To raife 4 Perpendicular upon the End of a Line done 


Let the given Line be A B; then 
Firft, open your Compaffes to a con- 
venient diftance; and fet one foot in 
the point B, and let the other point 
fall any where above the Line, as at the 
point D; and in that point let one 
foot of your Compaffes remain, turn- 
ing the other about, until it touch the 


Line AB in the PointE ; then turn the foot of the Compafles towards - 
C, and draw an occult Arch, and lay the edg of a Ruler to thofe points 
E and D ; and where the fame edg of the Ruler doth cut the Arch C, . 
from that point draw the Line CB, which fhall be a Perpendicular at the: 


end of the Line A B, as was required, 


ees 


Seameteical Problems. 


To let fall a Perpendicular from a Point aligned, unte 
| the End of a Line given. 
Let the Line A B be given, unto which 
it is. required to let: fall a Perpendicular 
\ from the Point D, unto the End A, Firft, 
xc from. the Point D draw a Line unto any 


part of the given Line A B, which may be 
i a the Line DCE 5 find the middle of ‘the 
A= ah B_ . Line, whichis atC, place one foot of your 
, Compaffes in that Point, and extend the o- 

ther unto D or E, with which Diftance de(cribe the Semi-CircleD A E, 
which fhall cut the given Line A B in the Point A; from which Point 


draw the Line D A, whichis the Perpendicular, on the End of the given 
Line A B, as was required. F 


To draw a Line Parallel to « Line given, 


G HV Let A B be a-Line given, 


Ro oR whereunto it is required to draw 
a Parallel. Firft, {et one foot of 
Annee Four Compaffes in the Point C, 
A. C D and opening the other at pleafure, 
draw the Arch Es then with the faine Diftance fet one Foot in the Point 
3 > 
D,. and draw the other ArchF : Laftly, Jaya Ruler to the Convexities 
of both thofe Arches, and draw the Line G H, which fhall be a Paralle} 
to AB, aswas required. 


How to make an Angle equal to an Angle given 


Let ABC be the given Angle, draw the Line D Ey and upon B as'a 
Center, defcribe the Arch GH, between the Sides B Aand B°G’s and 


upon: the Point D, with the fame Extent defcribe the Arch K L, and 
place the Extent GH from K to L ; then through the Point L draw DF: 
So is the Angle E DF equal to ABC, which was required. 


CHAP. IIL 


Treateth of the Doétrine of Plain or 
Right-lind Triangles. 


) a 9 ee Poa & 
Containing fome Things néceffary to. be underflood, relating 
. tothe Science of {Plain Crigonametcp, . ) 
J <4 HE Doitr ine of Triangles is converfant in the Afenfuration of 


Triangles, Platz or Spherical, comparing the Sides and An- 
gles together, ,according to known Analogies 5 whereby three 


# h 
Es > 2 
ue f 3 lees: 


Ex... Lhings being given; either Sides). Angles, or both, a fourth. 


Side or, Angle may be.found.. .-), 
— ig y ; put 


‘Plain Trigonometry. = 


ta ie 


tain Trigonometry, 

But becaufe the Angles of both Plain and Spherical-Triangles are mea, 
fured by Arches of Circles, and the Sides likewife of Spherical-Triangles 
are themfelves Arches of great Circles, therefore. thefe Arches are in a 
manner reduced into the Right- Lines applied thereunto. 


The Right-Lines applied to Circles, are Chords, Sines, Tangents and 
Secants, , 

A Chord is a Right-Line drawn in a Circle; from one part of the 
Circumference to the other, as in the annexed F igure, | 


H K is the Chord of the Atches HE K, andH DK }. alfo D E the Dia- 
meter, is the Chord of the Semi-Circles D A Eand DBE. 

The ‘right Sine of an Arch is half the Chordof twice that Arch, as 
HG being half the Chord HK, is the right Sine of the Arch HE; 
alfo of the Arch HAD, the ArchHE being the half of H EK, and the 
Arch H A D being half the Arch H DK. The Sine Complement of the 
Arch HEisH 1, equal to CG, 

The Verfed Sine of an-Arch; is that Part of the Diameter which lieth 
between the right Sine of that Arch and the Circumference, fo that GE 
is the Verfed Sine of the Arch E, and GD the Verfed Sine of the 
Arch H AD. ark ie 

The Tangent of an Arch, is a Right-Line touching the Arch, being 
perpendicular to the Radiusdrawn to the Point of Contact, and con- 
curring with a Line drawn from the Center, through the Term or End 
of that Arch; foEF isa Tangent of the Arch EH. | 

3 A, 


Wiain Triganametry. 23 

A Secant is that Right-Line drawn from "the Center of the Arch, until 
it meet with the Tangent; So CF is a Sccant of the ArchE H, 

It isto be underftood that every Circle is divided into 360.equal Parts, 
called Degrees 5 every Degree into 60 Parts, called Minutes 3 and every 
Minute into 60 Parts, called Seconds, ‘Ge. 

The Complement of an Arch or Angle, is commonly the Comple- 
ment thereof to (or that which makes it up) gO deg, But if it be 
meant the Complement thereof toa Semi-Circle, it is exprefled by fay- 
ing the’ Complement to 180 deg. 

APlain-Triangle is contained under three Right-Lines, and is either 
Right-angled or Oblique. 

In all Plain-Triangles, two Angles being given, the third is alfo 
given: andone Angle being given, the Sum of the other two is_alfo 
given, becautt the three Angles together ate equal to two right Angles. 

Therefore in a Plain Right-angled Triangle, one of the acute Angles 
is the Complement of the other to 90 deg. 

In the Solution of Plain Triangles, the Angles being only given, the 
Sides cannot be found, but only the reafon of the Sides: It is therefore 
neceflary that one of the Sides be known 3 As, 

In a Right-angled Triangle two things (befides the Right-Angle) 
will {erve to find the third, fo one of them be a Side. 

in oblique-angled Triangles, there mutt be three things given (Cone 
of them being a Side) to find a fourth. 


Some Symbols ufed in the Doctrine of Triangles for Brevity ’s fake. 


—=Equai to, 

—+-More. 

—Lefs, 

x Multiplied by, ox drawn into. 

° Over a Number ftands for Degrees, as 1 2° fignifies 12 deg; 
' Signifies Minutes, as 12' is 12 Minutes. 
cr. ASide. crs. Sides. 

V An Angle. VV Angles. 

Z The Sum. 

& The Difference. 

S Sine. 

Sc. Co-Sine, or Sine Complement. 

Co. Ar: Complement Arithmetical. 


¢ Tangent, | FE 
D 2 tc, Co- 


au 


Plain Crigonometey. 
tc. Co-Tangent, or Tangent Complement. 
2 R Ang, Two Right- Angles, 

Q Square, 


In Right-angled Plain Triangles, the Sides comprehending the 
- Right-Angle are called the Legs 3 and the Side fubtending (or oppofite 
to) the Right-Angle, iscalled che Hypotennfe. 


In the DoGrine of Triangles, three Letters denote an Angle, as 
BAC fignifies the Angleat A; AC Bthe Angle at C. Two Letters 
- thew a Side, as Side A B, or AC. 


Tn the Do&tine of Triangles the given 
Sides or Angles are noted with a Dath, thus, 
) 


A The required Sides or Angles with a.Ci- 


pher, thus, (0) 


ae 


In Right-angled Plain Triangles, there are even Cafes, and in Oblique 
Triangles five ; Fox the Solution of which, thefe four Axioms are fufh- 
cient. 3 


Griom 1, 


Of Right-angled Triangles. 

In all plain Right-angled Triangles, any of the Sides may be made 
Radius ; and the other Sides will be Sines, Tangents or Secants: and 
what Proportion the Side put for Radius, hath to Radius 5 the fame 
Proportion have the other Sides, to the Sines, Tangents, and Secants 
by them reprefented. 


Avtom 
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WDiairt Trigonometry. 
Griom 2. 
Of Oblique Triangles: 


In all Plain Triangles, the Sides are in fuch proportion one to ano- 
ther, as the Sines of their oppofite Angles. 


Arion 3. 
In all Plain Triangles; As the Sum of two Sides is to their Difference, 


fo is the Tangent of the half Sum of their two oppolite Angles, to the 
Tang. of the Difference of either of them, aboveor under the half Sum. 


Aciom 4; 
In all Plain Triangles; As the Bafe is in Proportion to the Sum of the | 


other Sides, {o is the Difference of thefe Sides, to the Difference of the 
Segment of the Bale. | 


SECT. IL 
OF Right-ansien Plain Criangies. 
Cafe 1. 
TS Angles, and one of the Legs given, to. 
: find the other Leg. a c 
Example. a | S 
In the Triangle ABC, a Je 
‘ There is given | } a Ze \ 
AC j e ‘ Sag MO. ace ee hae 
AB, 9 2 3-45 bac required. | " anes 


06 Plait Crigonometrp; — 


The Operation by the Logarithms. 
As S.A CB 56° 15! Log. : 


To BE required, OO mee co hy ean any Men eg 1.779 14 


The General Rule for working Proportions by the Logarithms. 


“Add” the Logarithms of the fecond and third Numbers’ together ; 
Prom that Sum fubtract the Logarithm of the firft, and “the Remainder 
is the Logarithm of the fourth Number fought; as is apparent by the 
precedent Operation. | 

Note; That the Work may be abbreviated in this and the following 
Cafes: When Radius is not in’ the Proportion, then take the Com- 
plement Arithmetical of the firft Logarithm, and then adding the Lo- 
garithms of the fecond and third, and the Completnent A rithmetical of 
the firft into oneSum, from which bating Radius, (or an Unit ‘towards 
the Left-hand) the Remainder is the Logarithnrof the fourth Number. 

The Operation by the C ompl. Arith. 
As S. ACB 56° 15! Log. 0.08016 

0 AB 90——~ a 1.95424. 
So is S, BAC, 33° 45! a 9.74 a 7g 


ToBC required, eos zeal sis seg hoe ey 1407791 ‘ 


The Compl, Arith. of a Log. is the Remainder thereof, “being *fub- 
tracted from Radius, | 


So the Compl. Arith. of S. 56° 15! 
is 0.08016, as here appears ; 


‘0.08016 


But a readier way is hinted by Mr. Norwood, thus : By taking the 
Compl. orRefidue of the fir F igure towards the Left-hand unto 9, and 
foof thereft, until you come to the laft Figure towards the Right-hand, 

aa thereof 


{lain Trigonometey. — < ae 


thereof fet down the Refidue to 10, thus, To takethe Compl. Arith. 
of 9.91984. For 9 I write his Refidue unto 9, which is 0; for 9; o; 
for 1, 8; for9, 0; for 8,15 for 4, the Compl. to 10, which. is 6, 
And fo I have 0.08016, which is the Compl. Arith. of 0.91984. 

How to work this andthe following Cafes by Gunter’s Scale, fhalt be 
fhewn in the Ufe of that Infirument. 


| Cafe IL. 
| The Angles, and one of the Legs given, to find the Aypotenufe, 
‘ 


fe SE RNC A - 


Example. 
| In the Triangle ABC, ¢ 
| __ There is given, | A 
| ACB 56° Le 


AB 90 ota C required. 


AsS. AC B 56° 15! Log:s———— 9198 4, 


The Operatson, 


To A B 90 ececees eae AIRE SRN) cae SEIN (ormmienienenta rene AnPee—asat Gasieaciesam WSS 1.95424 
So is Radius ————— ——— = ee :10,00000 


Se eae 6 SSD 


To AC required, 1 mn en nn 2 03.440 


In the Operation of this Cafe, there'is no nted to take the Compl. 
Atith. becaufe Radius isone of thefour Terms in the Proportion, nox 
of adding the Logs. of the fecond and third together, according to the 
general Rule aforegoing 3 only fabtract the former Figures of the firft 
Log. from the fecond Log. And in fubtracting the laft Figure of the 
firft Log. add 10 to the correfponding, Figure of the fecond Log, UZ. 
Say, 9 fromar, there remains 23 This Remainder 2.03440, gives 
the Log. of the fourth Number required. 


Cafe Il. 
The Angles and Aypotenufe given, to find either of the Legs. 
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In the Ttiaigle A BC, | 
There is given a sigs 
Ac icone SAB requitea: 
~ The Onraion: 


As Radius ea nn en, Coa 


To AC 108—~ 2163 
| : . 03342 
SoisS. AC B 56° 15! ———-——+-——__._____ 9.91984 


To AB required, 89 ~ —— —— 21.95 326 

In this Operation the fecond and third Log. being added together 

the firft being Radius is eafily fubtracted, by cutting off the laf Figure 
towards the Left-hand, as is evident in the Example. 


Cafe IV. 
The Legs given, to find the Angles, 
ib earople. 


In the Triangle A BC, 
There is given 
5 sp “B AC required. 


The Operation. 


remit experi re te aT gS 


As AB, 90-———~—— or 


To Radius —— 1000000 
So isBC 60 77815 


Tot. BA Crequixed, 33° 41!——-~--—--- — —-— 9.82391 


This Operation is: performed as the Example in the fecond Cafe 


before-going. ) 
3 Cafe V. 


Plain Ceigonometty. 


Cafe V. 
The Aypotenafe, and one of the Legs given, to find the Angles. 


; Example, c 
In the Triangle AB C, : . 
There is given, ~ ¥ eG 
AG 108 rs \ eo : 
AB | oe A GB required, A Go ee M 
The Oper ation. 
AsAC 108 ee retin 2.03342 
To Radius ——_--—__.-_ >_> emaeos: 
So is AB 90 ie ao necan 


ToS. ACB required, 56° 26! meena emt nsw 909 2082 
This is performed as the precedent Operation igthe fourth Cale | 
Cafe vi. ae 
The Legs given, to find the Hyporenu/e. 


In the Triangle ABC 
There is given, 


Z . e soba C required. 


‘This Cafe requires a double Operation. 


1. By-the 4th Cafe to find the Angles. 
a. By the fecond Cafe to find the Hyporemufe. 


EF 


' > RS 5 LENE Sk 0 ar toma Ti — 


30 Wain Crigonometcy, : 


The firft Operation. 
AS A By 90 en ag 
CN ety 
To Radius at Set nnn TO.O0090 


Sois BC, 60 Ba ne em melt OY fy 
To t. BAC 33° 4.1) meme 9.82391 


The fecond Operation. 
ASS.BAC 33° 41! ea 0,74 68 


MOB 0 60-2 — Ro eee 1.77815 


So'is-Radius - A Hn pens FO,OOC00 
A ttt 


Fol G requited, 108 ee 2.03417 


Cafe VAT, 
The Hypotenufe, and one of the Legs given, to find the other Leg. 


Example, 
In the Triangle A B C, 
There is given, 


AC 108 


AB sop BC required. 


This Cafe likewife requires a double Operation. 


1. By the 5th Cafe to find the Angles. 
2. By the aff or 3d Cafe, to find the Leg required. 


The firft Operation. 
As AC 108 | 


'To S. A C B 56° 26° petbedilnanewast ha ibiesastins sa atila 9.92082 
ort nt teenie ner rapereninenht pecan dno Ss 


— Plain’ Trigonametey, 
The fecond Operation. ' 


AS Radius ——.=~——= CE a ey BS irc ectitemnins rolicainchas thsi Df 0.0066@ 


\ 


a 


TS BC YG eet 8 5542 
So is S. BAC 33° 34 —-9—— eg 0 Ge 


To BC required, 59 ht tn nt i te F | 77607 


the Canon of Sines and Tangents, by the 46 Prop. 1. Eachd. viz. That 
in Plain-Right-angled ‘Triangles, the Square of the Hyporexufe is equal to 


: The fixth and feventh Cafes before-going, may be performed without 
| the Sum of the Squares of the two Legs. 


Example of the Sixth Cafe. 


In the Triatigle ABC 
| There is given, 


& AB go 


BC oy A C required, © 


Square the given Legs feverally, add their Squares together, the Square- 
Root of that Sum is the Alypotenufe required, : 


| The Operation, 

| A-B ‘90... BC 60 the Square of A B 8100 

| 96 60 theSquare of BC 3600 

| oO Oo a8 11700 | 

| 810 : 360 | ‘ 5 q (108 A CG YEQUo 
| Square 8100 Square 3600 | 2017 

| coy get FOF 

: : | ) 1664 

| 4 


Otherwife by the Logarithms, 


From the double Log. of the greater Leg, fubtrach the Log, of the lets, 
and to the abfolute Number anfwering to. the Difference of the Logs. ae | 
E 2 the . 


See Plain Trigonometry. 
the lefs Leg, half the Sum of the Logs. of the faid Sum and le Leg, 
is the Log, of the Fypotenufe required, 


The Operation. 


The greater Leg AB, 90 Log. —-——--—------——— 1.95424 
The fame again, 1.95524 


The doubled Log,—__—--___- _________.— 3, 90848 


The lefs Leg BC 60 Log. fubtr. papensnes er sat aera RY kek 
ey 

The abfolute Number 13 5 Partita manta 13 0326 
The Sum—— 195 Log. ——-~—. —_.___ —_~ 2.29003 


Lels Leg BC G6 (ogee a 1.77815 
Sum ——~ ——_—-___.___. 4.06318 


The A’ypetenufe AC 108 2. Sum nt penne 2,03 409 


Example of the Sixth Cafe. 


Inthe Triangle A\B C, 
There is given 


4 ‘ 3 , BC required. 


me iD 
Aan ee sae 
From the Square of the Aypotenufe, {ubtraét the Square of the given 
Leg, the SquareRoot of the Remainder is the Leg required. 
The Operation. 
AC 108 AB 90 the Square of A C 11664 
108 90 the Square of A B $100 


864. Cs Remainder 3564/59 
1080 108 25 


Cree 


| 

' 
il 
Ant! 
Hl 
HH 
Heid! 


Saae 
ae 

} 

h 


Squ. 11664 Square 8100 | 109\ 1064 
981 
83 

Otherwife by the Logarithms. 


Half the Sum of theLogs. of the Sum, and of the Difference of the 
Hypotenufe and given Leg, is the Log, of the Leg required. “ 
be 


sacha se 


spencer NS TI 
= 


iain Crigonometry. 


The Operation. 


The Hypotennfe AC 108 
_. The given Leg AB 90 


TheSum 198 Log. 2.29666 
The Diff. 18: Log. 1.25527 


~ Sum 355193 


The Leg BC 59 required, + Sum 1.77596 


) E C T. iit. 
OE Dblique-anglen iain Criansies. oh 
| “Cafe 1. siloper 4 a | 
“HE B Angles ssid one Ss the Sides given, 5 to. ‘fd one Of 1 the thes 
In the Triangle A B C, 

There is given : 

B A CG 33° 45! | sin thats akin Se Ae oy 

ABC4s 00 7BC + required. ooPaEe BO oa 

AC 49.4 aot TH INR 02 


The Operation of this and the Gilowios Cafes pais upon the fe- 
cond Axiom aforegoing. 
The Oper atson. | | 
. 2 et Co, Ait 
AsS. ABC 45° 00” 0.15052 
To Side AC 40-——- = 1.60206 
SoisS. BAC33°43 Hoe at 


To Side BG required, 31% een wae 1104973 2 


After 


The. Plain Crigonometry, 


After ‘the fame manner you might find the Side A B if it wete re- 
_ Quired, 
Cafe I. 


Two Sides, and an Angle oppofite to one of them, ‘being piven, to 
find the other oppofite Angle. 


| Example.’ 


Inthe Triangle A B c 


here is given 


pa 45. 00! eA CB reanired, oe 


en ps ‘ being oe ; A oka tats CEN R 


1. In thiscafe, If the given Angle be obtufe, the Angle required ig 
Acute. SMANGS Foul Gt ge TG a IC} 

2. If the given Angle be Acute, and oppofite to the Breater of the 
given Sides, the required Angle is Acuté, 

3. If the given Angle be Acute, and oppofite to the leaft of the given 
Sides, it’s doubtfal whether the Augie fought: be'acute’ ot obtufe, and 
ought to be determined before the Operation $ as in this Example, 


The Operation, 
Co. Ar. 
_ _. AS Side 4-C 8o— so  Blo6o1 
~~ToSideA BC 45° 00! 2 Sr  .., 9.84948 
So is Side AB TOO wm 2.00000 


= 


ToS: AGB required, 1 17) 54 een nnn 19,9463.9. 


In this Operation is produced the Lop-Sine of 62° 6! for the Angle 
ought 5) but becaufe it js Obtufe, you muft take its Complement to 
180°,: viz, 117°.54!, , 


Cafe MH. 


aor Two Sides, and their contained Angles given, to find the: other An- 
". gles, 


Example. 


Plain Crigonometey. 


| Example. 
in the Triangle A BC, | | bout 
There is given, | ay 
AB 257 é fi oN | 
A € 20 AC Band ABC required. ae Xx | 
BAC 33° 45' ns RMN SG. 


The Operation of this Cafe depends upon the third Axiom. 
The Operation. 


"The Side AB 25) 180° oof 
The Side AC 20 BAG 33° 45: 


The Sum of the Sides 5/ Sum I 146 I 5 
Their Difference o5 J+ ; Sum “93.077 o7 of the unknown Angles. 


, Co. Ar. 

As the Sum of the Sides A Band AC 4g Log. - —— ~ 8.34679 
To their Difference, — 0.69897: 
So ist. + Sum of the oppofite Angles—73° 37h ——-10.51783. 


Tot. of their half Difference- smn’, 796, tice np 9.56359. 


The half Difference added to the half Sum, — ma preater Angle 3. 
and fubtraéted, leaves the le(s. 


The +.Sum of the Angles 73° 07! 
The + Difference 20 06 


Added, gives ACB 93,-13.. 
Subtracted, ABC 53 oF 


Ca é iV. 


wo Sides, and their contained Angle given; to find.the third Side. 


Example. 


- sat mone ok “ee wr) z 


36 Plain Crigonometey. 


Example. 
In the Triangle A BC, 
There is given 


iG *71 SBC tee ok 
271 required. 
BAC 14° go! > A. Bb 


This Cafe requires a double @peration. 
1. By the 34 Cafe to find the Angles. 
2. By the 1/# Cafe to find the Side required. 


The firft Operation. 
Co. Ar. 
Ags the Sum of the Sides A B and A C 606 Log, ——~——- —-. 7.21753 
- To their Difference, = G64 ————-—= » 80618 
So is t. +.Sum Angles 82° go! 10.89044 


To t. 4. their Difference——— 39  22——~= ——~ ~-——._ £9.91415 


ereeee 


By which you will find the Angle A.BC to be 43°-18'. 


The fecond Operatéon. 
Co. Ar. 
AsS. ABC 43° 18! Log, ———————=$ + —— 0.16379 
To Side AC 271 ——— 2.43297 . 
SoisS. BA C 14° 40! 9.40345 


To Side B Crequired, 100 12,00021 


(fe V. 


Three Sides given, to find an Angle. 


Example. 
tn the Triangle ABQ | 
There is given, 

AB 64 
AC 47 és AC required. 
BC 34, 


i Plain Crigonometry. 37 
The Refolution of this Cafe depends upon the 4th Axiom, reducing 
the Oblique-angled Triangle into two Right-angled Triangles, by let. 
ting fall the Perpendicular C D, upon the Bafe greater Side AB, and re- 
guires a double Operation. 
The Bafe is that Side upon which the Perpendicular falls, 
1. To find the Segment of the Bafe A D.. 
2. To find (by the 54 Cafe of Rectangulars) the Angle re- 


quired. 
The firft Operation. 
Co. Ar. 


AC 47 As the Bafe AB 64 Log. 8.19382 
BC 34 To the Sum of theSides AC andBC 8&1 1.90848 


Sum 81 So isthe Difference ofthe SidsACXKBC 13 1.11394 


QS pee 


Diff 13 To the Differ.of the Segments of the Bale 16 K1,2162 
The Bafeis - 64 
The Difference of the Segments 16 


Riss 


Sum 80 

+ Sum 40, is AD the greater Seg- 
ment of the Bafe, becaufe ad- 
jacent to the greater Side AC. 


The fecond Operatsow, | 


{n the Triangle AC D, Right-angled_at D, 
There is given A D andA C, to find CAD. 


As AC, 47 cece pone ot mrss st - Log. 3.67209 
To Radius ———-—_-—__—- _—- —_. __.__. 10.00000 
Sois AD; 40 ee a as ee 1.60206 


Tae F 


Tote. CA D 31° 40! yp 9.92995 


SS a ee aes —— SS 
‘ an 


ws Se 


(38) 


CHAP. IV. 
Tbe. DoGrine of Spherical T x1anctes, 


SECT. (1. 


, 


| Containing the Affettions of Spherical Triangles, and 
| | their Axioms. | 


te 


Spherical Triangle is that which is defcribed on the Surface of 
the Sphere, | 
Te 2. ‘The Sides of a Spherical Triangle are the Arches of 
4s. ot. three great Circles: of the Sphere mutually interfecting 
each other. 

3. Spherical Angles are meafured by the Arch ofa great Circle, inter- 
cepted between the Sides containing the Angle, the Pole of that Circle 
being the Angular Point. 

4.. Thofe are {aid to be great Circles, which bife& the Sphere. 

5. Thofe Circles which cut each other at Right-Angles, pats through 
the Poles ofeach other, and the contrary. 

6. Inevery Spherical Triangle, each Side js lefs thana Semi-Circle. 

7. Inevery Spherical Triangle, any two Sides together are greater’ 
than the third, . ; 

8. The Sum of the Sides of a Spherical Triangle is lef than two 
S mi-Circles, ‘ 

9. If two Sides of a Spherical Triangle be equal to a Semi-Circle, 
the two Angles at the Bale (hall be equal to two Right-Angles 5 
if they be lef thaa a Semi-Circle, the two Angles fliall be lefs; 

but 
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Of Spherical Criangies. 
. Jn Spherical Triangles there are 28 Cafes, 16 in Rectangular, and 


12 in Oblique-Angular. The 16Cafes of ReCtangular are refolved by 
thefe two Axioms following. 


Sriom 1, 


In all Spherical ReCtangled Triangles, having the fame Acute Angle 
at the Bafe, the Sines of the Hypotennfa’s are proportional to the Sines 
of their Perpendiculars, 


Ariom 2. 


fo all Spherical Rectangled Triangles, having the fame Acute Angle 
at the Bafe, the Sines of the Bafes, and the Tangents of the Perpendi- 
culars are proportional. 

That all the Cafes of a Right-angled Spherical Triangle may be re- 
folved by thefe two Axioms, 

The feveral Parts of the Spherical Tangle propofed, muft fometimes 
be continued to Quadrants, that fo the Angles may be turned into Sides, 
the Hypotenufa’s into Bales and Perpendiculars, and the contrary. By 
which means the Proportions, as to the Parts of the Triangle given, in. 
fiead of Sines do fometimes fall in Co-Sines, and fometimes in Co-Tan- 
gents inftead of Tangents. Such Parts as do change their Proportion, are 
noted with their Complements, viz. the Flypotenuféy and both the 
Oblique Angles: but the Sides containing the Right Angle do not fo 
change. 

Thel are called the five Circular Parts of a Triangle, amongft which 
the Right Angle is not reckoned, and therefore the two Sides which do 
contain ,it are fuppofed to be joined together. 

Each of thefe Circular Parts may by Suppolition be made the middle 
Part, and then the two Circular parts which are next to that middle 
Part, are the Extreams Conjunt; the other two, remote from the 
Part affumed, are the Extreams Disjundt. 

As in the Triangle ABC, if Comp. AC be made the midtle Part, 
Comp. A and Comp. C are the Extreams Conjun@, and the Sides A B 
and B C are the Extreams Disjun@ ; and {o of the reft, asin the Table 
following. 


Mid. 


PER IE ee ae 
rere Ane Sac ot Ca ee De) Fe 1 a ‘ 
Seo rey ad fda Z yom : ; dete 
5 WE nw Lhcgtatern > ingot Meare kpc? Saris 
” PEe ee, pe? oars . 


Of Spherical Criangies. 


The Parts of a Right-angled Spherical Triangle being thus diftin- 
guithed into five Circular Parts, for the more cafe in refolving, all Spheri- 
cal Triangles, obferve this Catholick and Univerfal Proportion, inven- 
ted by the Lord Napier. 

The Sine of the Middle-part and Radius, are reciprocally proportional 
to the Tangents of the Extreams Conjundt, and the Co-Sines of the 
Extreamis Disjund. : 

That is; As Radius, to the Tangent of one of the Extreams Con- 
junct ; fo is the Tangent of the other Extream Conjun¢t, to- the Sine 
of the Middle-part. 

And alfo,. As Radius to the Co-Sine of one of the Extreams Dif- 
juna ; fo is the Co-Sine of the other Extream Disjun@,, to the Sine. of 
the Middle- part. 

Therefore if the Middle-part be fought, the Radius. muft be in the 
firft place; if either of the Extreams, the other Extream mutt be in 
the firft place. 


Only 


OF Spherical Crianpies, 

Only note, T hat if the Middle-part, or either of the Extreams Cons 
junct, be noted with its Complement in the Circular Parts of the Trian- 
Sle, inflead of the Sine or Tangent, you mutt ufe the Co-Sine or Co- 
‘Tangent. : 

Ifeither of the Extreams Disjuné be noted by itsComplement in the 
Circular Part of the Triangle, inftead of the Co-Sine you mutt ufe the 
Sine of {uch Extream Disjunct, 

That the Directions may be the better underftood, there is in the 
Table following the Circular Parts of a Triangle under their relpective 
Titles, whether they be taken for the Middle-part, or for the Extreams, 
whether Conjuné or Disjunct, and unto thofe Parts there js prefixed the 
Sine and Co-Sine, the Tangent or Co-Tangent, as it ought to be by 
the Catholick Propofition, 

Extr. Conj.|Exir, | 


Wid. Part, 
Sine ADB |Co-Tan. A 
Tan. BC 


eG res A {Coa- Tan.AC 
Tax. AB 


eee 
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Co-Sine C Cotas. A CiSine A | 
Tas. BC {Co-Sin, A.B 


* 3! } ee ee j 
Sine BC \Co-Tan. C Sime A 
\T an. AB Sie AC 


. tthe eel ARE eer aete a A , 


riam 3, 


In all Spherical Triangles, the Sines of the Sides are in dite@ pros 
portion to the Sines of their oppolite Angles, and the contrary, 


Aviom 4; 


In all Oblique-angled Spherical Triangles, in which two Sides are lefs. 
than a Semi-Circle - 


Ass the Sine of half the Sam of two Sides, 

To the Sine of half their Difference s 

ois the Co-Tangent of half the contained Angle, 

Wo the Tangent of half the Difference of the oppolite Angles, 
| And, 


r 


OF Spherical Ctianpies.. 
~ Andy 3 


As the Co-Sine of halfithe Sum of the Sides, 

To the Co-Sine of half their Difference ; 

So is the Co-Tangent of half the canted Angle, 

To the Tangent of half the Sum of the oppofite Angles. 


: Aria 5+ 


In all Oblique-angled Spherical Triangle in which two Angles are 
lefs than two Right- Angles ; 


As the Sine of half the Sum of two Angl eS, 

To the Sine of half their Difference 5 

So isthe Tangent of half the interjacent Side, 

Tothe Tangent of half the Difference of the yee te Sides. 


Ana 


2 


Asthe Co-Sine of half the Sum of the Angles, 
To the Co-Sine of half their Difference ; 
So is the Tangent of half the i interjacent Side, 
To the Tangent of of half the Sum af the oppofite Sides. 


Arion 6, 


As the Readies of the Sines of the containing Sides, 

To the Square of Radius ; : 

So is the Rectangle of the Sines ef half the Sum of the three Sides, ‘ 
and of the Difference of the oppofite Side therefrom, i 

To the Square of the Co-Sine of half the Angle fought. 
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This being premifed, the picsst Cates fhall be fet down, _Wwith 
* their Analogies, and refolved by the Logarithms. 


‘Firft, Of Right-angled Triangles. 
yet ‘hei, Of Oblique. 
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SEG ays Ti, 
Of Ripbt-angien Spherical Criangies. 
Cafe I, 


A and an Angle oppofite thereto, being given, to find the 
other Leg; if it be known, whether the Hypotewafe, or other 
Angle, be greater or lefs than a Quadrant. 


| Example. 
Inthe Triangle ABC, 


There is given, | 
BA C33" 30" 3 ; p 
BC a6 # fA B required, a—4, 


The Operation. 


As Radius ———--——-—_.____-__»____.-__=. Log, 10}00000 
Tote BA C 23° 30! accor teen pena 10 

-36170 

SoistBC 17 43 ———————__. 9.50442 


To S.AB required, 47° 174 ———__._—._ - 49.86612 


Cafe Ih. 
A Leg and an adjacent Angle given, to find the other Leg. 
: 7 Example. 
In the Titinple ABC; 


There is given, 


BAC 23° 20/ | : 
AB e = gc required, 


bose 


OF Syberia Cuansls. ag 


The Operation. 


As te. BAC23° 30! —— — Log. 1936170 


To Radius — 


J0.COO0CO 
Sois AB 47° 19! —— 9,8 065'5 


Tot. BG required, 19° 4.3 ——aa a 9, 0465 


Cafe Ill. 
The Legs given, to find an-Angle- » 


Example. 
In the Triangle A BC, 
There is given, 


: | AB 47° uf 
| SB Cr as BA Grequired, 


The Operation. 


Aste e, 17°47 2 eens LOP, 9.80442 


eee 


RG Pea eng a a i a er 10,00000 
Soisf, A B 47° 19! a peat re en oomnomennn G96 63 F 


“Torte, BAC required, 23° 30! nem 1036193. 
Cafe WV. 
|The Hypotenufe and a Leg given, : to find the contained Angle, \; 


Example, 


Inthe Triangle A BC, 
There is given, 


nee tt oatig awe Xl 
Page Fbaca mt ed 


ae 


G oe | «Ths 


é 


a Of Spherical Ceiangies: 


- The Operation. 
AO PRG Sd 3 Se cian NEE. Leg Aloopoh 
(SO Sty 


‘To 7A C490 4B le 9.92686 
Sois BC 17° 43! —— SS 9.50442 


~ re 


' TotesA'C'B required, 74° 21! 29,43 13 1 
Cafe V. 
A Leg and the adjacent Angle given, to-find the Ffypotennfe. 


Example, 
¥n the Triangle ABC 
| There. is given, 


PAB gee CAC tequive: “e 4 ASB 


acs p-AB<*47 19 
The Operation; \ 


As toAB 47° ER rm ee ar Sanne La #Q.03516° 


To Radius. " me ee es emma Sy Se PLO POO 
©, SOs fe,-B-A-G 23° 30! rn mr Se he ae et OL IERLO 


Ore 


Tote. A Grequired,.499:47! emerge ee imine ad InG2724- 


C afe VIO 


The 4iypotenufe'and an Anple given,:to'find the Leg adjacent.to.the 
given Angle. 
: Example. 


Inthe Triangle ABC. 
eo There is given, 


“ACB 74° 19! tied 
TAC 49 48S 8C tea, 


. : or Spherical Triangles. 


t ane Operatiaes 
= 5 


a Log, 9.92689 


‘As te. AK Cc 49‘ 2 48! 


To Radius a cng ies et en, TOG 
So is fc. ACB 74° 19!- 3 


To t. BC required, 17° 44! ——_-- 9.50499 


Cafe Vil. 
The Oblique mas given, to find 2 Hypotenufe. 


eam scares Reng Say 9: 43188 


Example. 5 
Tn the Triangle A BE); : :% | | 3 ay 
There is BIEN, Le s ae 
BAC 3 » pA required. a oe 
The Operation. 
| As Radius - So er Log. 10:00000 > 


So is tc. B AG 23 vB te ne eg rennet 1.136170 


To fe, A C required, 49 4! mera tn ae 49.81006 
Cafe Vill. 


‘The Hypotenufe and one of the Ancie. given, to find the other 
Angle. 


Se ET ANE ECR EIT ey Se EN re SN SO Or Ee ~ — : . 
Hl 


Example. 
In the Triangle A BC, 
There is given, 


ACB74° 19 
AC -49 48 PBA Creguined. 


G2 


at OF Spherical Ctiangies, 


| The Operation. x 
As tc. ACB 74° 19! —-—_—-_»-e_-___. Log. 9.44936 


eels OTN 
To Radius a a ne ens 1.00000 


, So is fc. AC 49° 48! +———- 9.80987 


SS 


Totc. BAC required, 23° 31! ————-—_-.-——__ 10.361§1 


(afe IX. 


The Alypotenufe and an Angle given, to find the Leg oppofite to the 
given Angle. 

| Example. 
In the Triangle AB C Cc 


There is given, A. 
BAC 23° 30! 


: Xi g 
NG) go 99 SBC required, A ae ip 
The Operation. 


As Radius a neg, 10.00000 


ea ; 


Tof. BA C 23° 30/————_--—_- 9:60070 
S018 fC 4g 48 mgt 9.88208 


eres te 


To f. B Crequired, 17°43! —a——--»——~ a 49.4836 8 


Cafe X. 


_ AlLeg, and an Angle oppofite thereto, being given, to find the 
Edypotensfe, If itbe known, whether it or the other Leg, or unknown 
Angle, be greater or lefs thana Quadrant, 


‘Example, 
Inthe Triangle A BC, 
here-is given, 
BA C 23° 30/ ae 
BC 17 43 gAG remind, 


La 


The Operation, 


Gy Oe 


Asf. BAC 23°30! 
To Radius —— — 1.00000 
So is BC 17° 43! —--———— 7 9.48332 


Ces Ot 


TofAC required, 49° 45’ ——-——----_-_—_— 9.88262 
Cafe XI. 


The Hypotennfe and a Leg given, to find the Angle oppofite.to the 
given Leg. | 
Example. 


renscetan, SRD SUES. SE 


In the Triangle A BC, e 


There is given, “ 
ee 


AC 49% iat pee oe 
BCT 43 B A C required. 
As fA C.49° 48! ——- — Log. 9.88298 
To Radius 10,0000. 
So is BG 17° 43° ——— nr 948332 


oS SEED 


The Operation. 


Qt EES ee CED eee OSE 10.CO00G 


Fo & BAC required, 23° 28! memereemm cena 5093 


Cafe XI. 


A Leg, and an Angle adjacent thereunto being given, #0 find the. 


other Angle.. 
Example. 
In the Triangle A BC, . c 
There is given, oy 


ee eS oe 
AGA ge 12. See 


(eee 


DE Spherical Crianpice. 
The Operation, 


oA Radius ———_- 09" “T0550 
EAS Sol WET Keven sdemramitem eae viene 5 Bye 
_» Soisic. BC 17 43 ne 9.97890 


Toft. BAC required, 23° 30! -- os OS £9.96242, 


(Cafe XT: 


‘ Ips" and anAfpte Oppolite thereto, being piven, to find’ the 
other Angle; If it be knowa whether it, the other Leg, or the .Hypote. 
wnfe, d¢ greater Or leis than a Quadrant. 


Example. | 
In the Triangle A BC, | C. 


There is given, 
BAC 23° 30! 


BG. a7 45 te CB teguired. 


Ami J B 
Lhe Operation. 


As fe. BC 17° 43! a te ee OP, 9.97896 
To Radius 1.00000 
? & ‘So is{c. BAC 23° 30/-— eaten lumen 9.96240 


Tof ACB required, 74° 19)! wpe a 9.98350 
Cafe XIV. 


. The Oblique-Angles given, .to find either Leg. 


Example. 
In the Triangle AB oN 
ere is given, | | 
ACB 74° 19/2, 
aIBAC 23 30 $B C required, 


a 


eres 


HP A I A SD 


seme NS SB a 


‘So is (cB AC 23° 30! 
Joe: BG required, 17° 43! ————. ——-—— -+— ——— 9.97888 


As Radius ~—~ 


The Operation. 


ASL ACGB74° 19% a ee Log, 9598352. 
To Radius—— 


ey er  TOLOO008 


9:96246 


et eet 


euteewesvusee GEES gioeeseogeee SOO Oe 


: (afe XV. 


he Legs given, .to find the Myporenn{e. 


=e et : | Example: ; oid . ci ae mae 
In the Triangle ABC, co 
There is Le | 
AB 47° | 
BC.17 4B 3S C required. | on — _p : 
The Operation, 


ee Log. 10.0C06G = 


eee 


Tofc. AB 47° itt es le * 9.83119 - 
Sois{c.BC 17 43 —_———- 9790 


. . ¥9.81909 


To{c. AG required, 493 47! —-———_- —— 


Cafe XV 
The Hypotenufe and aLeg given, to zee the other Leg. 


Example. 
In the Triangle AB C, | m 
There i is given, 


Evins B-required. 


DE Spherical Criangles. — 


DE Spherical Triangles. ; 
The Operation. 


BSG BC gig pis i a Dee, Log. 9.97890: 
WS AEN LE | MA SSSI a ga ee eee 


== SS= SS = eT sy 
ae = ak = BE er tm 
ew 


POTS SN a a al Sh a 9.30987 


ew 


an ee 


Toff. AB required, 47° 2 nes Te —— 9.83097 
FI sa na marae nT ie ecg he gee A 1S CE 
S.E CT. Yt | | 
OF Dblique-angied Spherical Criannies, 
Cafe I. 


SS 


Wo Sides, and an Angel 
: ingle oppofite to one of them, hej oa 
A vA ad oppofite Angle ; if it be known, wie 
ngle fought be greater or lefs thana Right Angle. > \ e 


| | Example, 
Inthe Triangle A DE, 


There is given 


AE 69° 47! : 
DE 38 Ag A DE required, 
D AE 37 03 being Obtufe. 


4 
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The Oper ation. 


oe 
a = = 


Asi DECC sorggte es os 


TofDAE 37 03 —— 
Soisf, AE 69 7 


Tof, AD & required 


ae IE IE 


SS 


ae gk ae ae ¥ : e - a 
Ye ene ee 
. . aoe - ~~ 


a_—— , 
DO 


a 
» Ild 33) ae £9958 Sr 


The 


- 
OE I Dg long 


(ae Mh 


Two Angles, and a Side oppofite to one of them, being given, to 
find the other oppofite Side 5 if it be known, whether it be greater or 
lefS than a Quadrant. | | ae 


Example, 
"In the Triangle ADE, ate ; dD 
There is given, oe 
ADE114° 38’) AD required, f © 
A ED 45 -QO ‘ being lefs than f 5 A ate CaS 
AE 69 47 J a Quadrant, A ge AE 
The Operation. 
< Co, Ar. 
As f. ADE— 114 38! poe rane aecceaenD Log. 0.04144 
Tot AE—— 69.47. ————_——"— 9.97238 
So is f, AED 45 00 — ——_ -— 9.84948 


ae 


(See EET RSQ ¥9.86330 


Tof, AD required, 46° 53! 


The Refolution of this and the former Cafe depends upon the third 
Axiom. 


Cafe il. 
TwoSides and their contained Angle being given, to find the other 
Angles. : 


Example. 
In the Triangle ADE, 
There is given, 


DAE 37°03'C ADE) 
AE 69 73 & breqied 
AD 46 53 CAED). AV 


Hq 


MF Spherical Criangtes. 53 


i 
hae 


54 Df Spherical Criangies, 
| The Operation. 


AE 69° 47’ 
AD 46 53 
Sum, 116 40 Sum, 58° 2e! 


Pitt; 225g 2 -Dif, 11 27 
DAE 37 03 half thereof is 18° 31! 
Co. Ar, 
Asfit Za* AEandAD 58° 20! LO, 0.07001 
ROIS CE wei oe yy 27 9.29779 
Sols tc. DAE ——— 78 Btn a ne 10.4.7 506 
Totti XW D #idE— ha NS aan ras meres oem AY BG 


J 


As fe. Z cr. AE and AD 58° 20! 

» To & 2X cr, Il 2 

Soistc.i DAE. 78 Senate eee 0.47506 
Tot. ZWD and E 79 49 10.7461 


ZW Dand E-—79 49 
3s OL eeictnrenen3 gyckyt 
Sum, 114 40 en iii 


Rem.: 44 58 AED 


Having by the fourth Axiom found the half Sum, and half Difference 
of the Angles; if to that half Sum you add the halt Difference, the To- 
tal is the greater Angle 5 and if from the half Sum you fubtra@ the half 
Difference, the Remainder is the leffer Angle fought. 


Note. 


P< If the Sum of the two containing Sides exceed a Semi-Circle, then 
“tubtract each Side feverally from 180, and proceed with thofe Com. 
plements as with the Sides given in the Example aforegoing : The Ope- 
ration produces the Complements of the Angles fought to a Semi- 


Circle. 
Cale 


| 


Cafe IV. 


OL Spherical Crianpies. | ss 


Two Angles, and the interjacent Side being given, to find the other 


Sides. 


In the Triangle A DE, 
There is given, 


DAE 26°23'C AE? | 
ADE 137 55 ; & Ssequired. 
AD 81 50 CDE 
ADE 137° 55 
DAE 26 23 
Sum, 164 18 
Dif. 1% 32 
AD -% 5° 


Example, 


The Operation. 


_ Suin, 
= Diff. 


32° og! 


55 46. 
half thereof, i 55 


Co. Ar. 


As {. 2. ZVV A andD $2° og! Log, 0.00409 


Tof.2 x XVV — 35 46 
So ist. + oe 


a en ne 9,917 38 
A D— 49 §§ ————— 9.93789 


Tot. Xa AR&DE 35 52 —-——-——. _.——_ 9.85936 


As fe. 
Teo {c.2. 
Soist.2AD 


To 


ge dekh 


_ZV¥ Aand D 82° oo! 
XW— 55 


Sum, 110 13 AE 
Rem. 


40 
t.2.Zcr AE and DE 74 24 ————1———-~-————_ 0.55267 


i Zee. AEand DE 74 2f 
—— 35 §2 


a a IED 


Aor eT ERE eee 


H 2 


G6 er aan 


38 29 DE 


Co. Ar. 


————. Log. 0.86461 


9:7 5017 


5 en en 993789 


gekt ee 3 al 


preouied 


nr eee = Sern S 
===> i a Se ———— —S ae 
SS Be ee SSS SSS SS SS === == ea 


- ian es 
. —_ ~ 
ee < 
— = = —_ 
_—— — 


56 DE Spherical Ceianaies. 


This Cafe is wrought by the fifth Axiom; and the half Sum of the 
Sides added to the half Difference, gives the greater Side 5 and the half 
Difference fubtracted, leaves the Je{s. 


we Note. 
If the Sum of the given Angles exceed 180°, fubtract each Angle 
from 180°, and proceed with the Refidues, the Operation will 
produce cach Sides Compl. to a Semi-Circle. 


Cafe V. 


Two Sides, and an Angle oppofite to one of them, being given} to 
find the third Sides if it be known whether the other Oppolite Angle, 
or the required Side, be greater or lef than a Quadrant. 


Example, 3 
In the Triangle A DE, D 


Ther eis Slven, t Re 
OX 


AD 46° §3/) And A E required, + 
DE 38 28 being lef thana fs BOTS 
A 


The Operation of this Cafe depends upon the third and fifth 
Axioms. | 

Firft, By the third Axiom find the Angle oppofite to the other given 
Side. 

Secondly, Having two Sides, ‘and their oppofite Angles, you may find 
the third Side by the former part of the fifth sdviom inverted. 


AED45 00 ) Quadranr. 


The Operation. 


Asf, AD — 46° 
Tof, AED 45 
Sois {, DE 38 2 


+ DE Spherical Triangles. 


AED 45° 00’ : | 
DAE 37 093 
Sum, 82 03  +%Sum, 41°01! 


Dif. 07 $7 2Difi03 58 


AD 46 53 
DE “38 26 
Dif, 08 25 4Diff. o4 12 
3 fee Co. Ar. 
Asf2XW A andE ——- 03° 58! ——-——---——-Log. 1.16004 
TolLz ZW ——— 41 o1 ——————— 9.81709 


$650.2 X aL AD& DE 04 1a en ee 8.86590 
Tot. 2 AE required, = 340 $20 —— ree £9.84303 
34 52 
cies 
AE, 69 44 required. 


Cafe VI. 


Two Angles and a Side oppofite to one of them, being given, to 
find the third Angle; if it be known, whether the oppofite Side, or 
Angle required, be greater or lefs than a Quadrant. 


Example. 
In the Triangle ADE, 
There is given, 


AE 37° 03! 
. ED a Bs CA DE required, 


ED 38 28 S being Obtufe. 


The Refolution of this Cafe depends upon the third and fourth 
Axioms. 


Fir(h, 


fi thi _ BE Spherical Crianstes, 

inft, By thet itd Axiom find the Side o {i : 
A cided Having the two Angles, and their aSrts Sig ee 
Angle may be found by the former Part of the fourth Axion ier 


The Operation, 
As f. D AE—~2 59 03! 
Tol Boss xg 
Sois if, AE D 45 
To f. A D— 46 


AD 
i 


_ Co, Ar: 
4.08. 0.22004 


Sum, 85 27 = Sum, 42° 40! 
nena 


Diff. 08 25 = Dif, O04 12 

AED 45 00 

DAE 37 03 

Diff, of 57 = Dill. 03 58 
Asi =X ci. A Dand DE 04°12! 


2 eee ie aaa 


Sols. 2 XWAandE 03 58 


Tot. 2 ADE kequired, 57 7 Lo, oe te ae 
57 19 Son ee 


ADE 114 38 required, 


ie Cafe VIL. 


Two Sides re) 
_ » andan Angele oppofite . . 
re the contained Angle if ithe TN 4 ae as Bae 
Anak : 3 etner ¢t > 3 

ngle, iorthe Angle xequired be Acute or Obtufe NF, Other oppofite 
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Example | 


Of Spherical Cetangtes. 


Example. 
In the Triangle A DE 


There is given, 


: ) ! 
: AED 45° 00 e AE required, 


ms om ‘a being Acute. 


This Cafe is wrought by the help of the third and fourth Axioms, 
Firft, By the third Axiom, to find the other oppofite Angle. 
Secondly, By the fourth Axiom, to find the contained Angle. — 


The Operation: 


| Co. Ar. 
Asi AD 81°50!/——~-—_— —-$ += Log, 0.00443 
| To £ AED 45 00 ——-——-—- 9.84948 
Fee So isf&. AE 110 130 ———e 2 a 9.97238 


ers Ga SD 


\ ToL ADE 137 §5 required, ——— ——--_—-—— ¥9.92629 


ADE 137 55 
lac ale Na 
Diff. 92 55 + Diff, 46°29! 


| AE’ 110-13 

ea | 

Sam, 192 03 Boor 99 OF 

| 2 DI. i 

| a a here ae Co. Ar. 

b Asli kat head AD 1 1 (L0g.0.61079 
To f2Z.1.————4. 96> O08 oon 9.99760 


Soist. :XWDandE 46 27 et ee eet om 1,.0,02 199 


| Tote. tDA Erequired,13 1) ms en 10.63038 
| | 13 11 
DAE 26 22 required. 


<I en een aaa: 


60 DE Spherical Cetangies. 
Cafe VIII, 


Two Angles, and.a Side oppofite to one of th ; : 
gegen iva, A em, b 
the interjacent Side; if it be known, whether in ae Satie a 
or Side fought, be greater or leffer thana Quadrant, PP P 


Example. 
In the Triangle A DE, . D | 


There is given, 


ig. wr ~~ a 


AED 45°00! AE required, | 
DAE 37 03 & being lefs than 
2 a Quadrant. AK E 


- DE 38 28 
This Cafe is refolved by the third and fifth Axioms. 
Fir, By the third Axiom, to find the other oppofite Side. 
Sesondly, By the fifth Axiom, to find the interjacent Side. 


ae = 7 


Se Ct a r 4 oh A ae eS 4 
IN tenn eee - Soak ss 
ee a 


Ais enmeemumeta 


ania 


aid 


The Operation. 


TA 
Rae 
; 4 
ale 

| 


| | Co. Ar. 
Asf: DAE 37°.03! oon omer OF s 0,2 2004 
TofD E 38 28 nn nee 9,993 83 
SOHN Fa OH og Pony arate pec Aen le er AR ISSA 9.84948 


ST ee 


a get at, yew 
ee 


eee sea tee o.  RReI 
wt . tn epee 
setae . 


AED 45 ©0 
DAE 37 03 


Sum, 82 03 <Sum, 41° o1! 
| —aaeetee en | 


Dif. 07 57 +<Diffi 03 58 


; = “—2e% 
~ — 
Lc a i im ntnle center 


‘3 wl ies 
~~ snaco 
— ts ac = 
ee . Seo = 
- ry =e ; aos oe 
“ 


AD = 46 53 
DE 38 28 


Dif. o8 a5 2 Diff. 04 12° 


OF Spherical Criangies. br 
age Co. Ar, 

‘Asf.2 XW A andE 03°58! ——.—__. > Log. 1.1600¢ 
; To {, ae LZ VV 41 OI =« AD ines 9.81709 
Soist. Xa‘ ADand DE 04 12——————= 8.86590 


x9.84304 


Tot. AE required, —34 §2-———-——-—— 


34 52 
B+ 52 


AE 69 44 required. 


| (Cafe IX. 


“Two Sides, and their contained Angle being given, to find the third 


Side. 
Example, 
In the Triangle ADE, 
There is given, 


ADE 137° 55°C 
AD 81 50 @AE required. 
DE 38 28 5 


~The Refolution of this and the following Cafe is deduced from the 
Lord Napier’s Catholick,Propofition (the Oblique Triangle by a fuppofed 
Perpendicular being reduced into two Rectangulars) by the ingenious 
Mr. Collins, inhis Seftor on a Quadrant, whom in this I thallimictate. 


The Operation. 


As Radius nin pers mere OP. 10,00000 
To {c.A DE the contained Angle, 137° 55! ——---— 9.87050 
So is t. D E the leffer Side, - 38 28 ————— 9.90009 


| To t. of a fourth Arch, —->——— 30 38 ———=—— 19.7705 


2 


+ Tf the contained Angie be les than 90°, fubtract the fourth Arch from 
the greater Side; but if it be greater than 90°, from its Complement to 


a 


180°, the Rethainderis the Refidual Arch. 
¥ As 


ee 


62, ME Spherical Ceiangles. 


? Co: Ar. 
As fc, of ‘the fourth Arch, 30° 31! ——=+——— Log, \0,06476 
To, fc. of the Refidual, 67. 39 


eaten St A BOOB 
Soiis fc. ofthe lefler Side DE 38 28 ———— 9-89374 


To {c. of the Side required, AE 110° 1 9! ent ¥9.53858 
Cafe X. 


Two Angles, and the interjacent Side being given, to find the third 
Angle. 


Example, 


In the Triangle A DE, 
| There is given 


/ 


AV 


ADE 114° 39! 


DAE 37 063 CAED remit 
AD 46 53 


The Operation, 


Tofc. A D the interjacent Side, 46° 33/—— 


. ET EI a 9.82472 
Soist.D AE the leffer Angle, 27:03 


Which 87750 
To t. ofthe fourth Arch, —— 27 a 


a 


29.71263 


If the interjacent Side be-more than a Quadrant, fubtra& the tourth 
Arch from the greater Angle ; iflefs, trom the {aid Ang] 


| : ¢’s Complement 
to 180°, the Remainder is the Refidual Arch. 


Co. Ar. 
As{c. 4th Arch ma», a7° 17! Log. 0.05122 


To fc. Refidual Arch—~———— 38 04 -——___---__ 9.89644 
So is fc. DAE the leffer Angle 37 03 —-————-—. 9.90206 


a 


rw 


To fc. AED the Angle required, 45 00-——————---— 1984942 


\ 2 
In this and the foregoing Cafe, the Affection of the required Side or 
Angle may be determined by the ReGdual Arch, 


For 


| 
| 


jacent Side is greater thana Qt 
Side or Angle required is greater than 90°, invall other Cates lefs. 


DF Spherical Criangies. 630 


For if the contained Angle, or interjacent Side be. lefS than a Quadrant, 


and the Refidual Arch maore 3 or when the contained, Angle, or inter- 


uadrant, and the Refidual Arch lefs, che 


Cafe XI. 
Three Sides given, to find an Angle. 


Example. 
In the Triangle ADE, . a 
There is given, og 
‘ 6 ? : : 
AE 110° 13 ? Pe ex 


AD & 50pADE required. ets os 
DE 38 28$ } Af 


The Riefolution of this Cafe depends upon. the fixth xsom; and for 
the morefpeedy Operation take this brief Direction. AAU 

Add the three Sides together, and from theix half Sum fubtra% the 
Side oppofite to the Angle required. EE Ae 

Then to the Complements Arithmetical of the Logarithm. Sines of the 
containing Sides, add the Logarithm-Sines of the. halt Sum and Remain- 
der;; Half the total of thefe four-Logarithins is theSine Complement of 
half the Angle requirede : "= sb cedad don) 


! Thé Operations « : | 

AD 81° sol le containing 1s -  » Cow, Ar, 9.00443 
DE 38 28 Sides. so Co. Ar, 0.20617 
AE 1rto 13 + Sum,115° 15! S. 9.95639 
Sum, 230 3t Rem of 02 & 3.94317 


Sum, 115 15 Sum, 19.1 1016 


Remain. 05 02 fc. 68° 57! + Sum, 9.55508 
Which being doubled, produces A DE 1371! 4! required. 


DF Spberical Criangies. 


Cafe XI. 
Three Angles given, to finda Side, 


| Example, 
Jn the Triangle A DE, 


There is giveny’ «/ 


ADE 1397? s5/ 
AED 45 00 PDE required, 
DAE 26 23 | A 


This Cafe is likewife performed by the fixth Axiom, the Angles being 
converted into. Sides, and the Sides into Angles, by taking the Comp. 
of the-greateft Angle to a Semi- Circle, 


Compl, ADE 42°65’? The adjacent? S, Co. Ar. 0.17309 
| AED 45 00. Angles, €S, Co. Ar. 0.15052 
DAE 26 23 3 Sum, 56° 44! S, 9.92227 
Sum, 113 28 Rem, 30 21.8. 9:70353 
_ Sunt, 56 44 Sum, T9.95d11 
| Re : kc. 19 15 : Sum} 9.545093 

7 Ekem. 30 24: C. > ; 
Which, being doubled, gives D E38? 30! required, 


If the greater Side A E. were required, the Operation would produce 
the Complement thereof to a Semi-Circle ; which fubtraéed from 
180°, it leaves the Side foughe, 


“CHAP. V.. 
The Dottrine of. Plain Triangles 
applied in Prosiems of | 

lain Sailing, | 


SECT. L: 


The Application of Right-angled Triangles in 
. ~~ Plain-Sailng., : 


a. Lthougl the Ground and ProjeCtion of the Plain Chart’ be er- 

A = soneous, yet feeingit is more facile to the Learner, and may 
& = ferve as an Introduction .to what is more difficult, it thal 
fe. not be here omitted. _ 


Problem I. 


The Courfe and Diftance given, to find the Difference of Latitude 
and the Departure. , 


Example. 


AShip failing N. Eby N. 372 Minutes: 
I demand her Difference of Latitude and Departure. 5 
Plate 1. Fy. 1. 


— ia - - = eas anshaep lates pains prone aie eee ee = Spee ns onnt ne epee ses ge —— = 
RMT eS eocnameteneene Tie Me eS asc amet ft re or itr e. perry tet ee eas a cae ae bent sh 
r é ) ie ‘ 7 = yee : Me ae aaa é bie 
: ° ‘ Bs: n j on : m 2 e 
tg p ADK (sien ‘ : Sides. 4 ra ; eg: < 5 
i P “~ «eal r% ; . “ eo ewe ; cir z 


~~ See 


——e ~~ 


66 ; Plain Safliny. 
Inthe Triangle AB C, 
AC reprefents the Diftance failed, 
AB the Diff, Latitude. ~~ 
BG the Departure. 
B A Cthe Angle of the Courfe from the Meridian, 
A CBthe Compl. of the Courte. 


The Operation, 
For the Diff. Latitivdes 


As Radius sm Log: 10.00000 


To the Diftance failed, ~———--__. 372/—— 
So is {c. of the Courfe, + = 33° 45/—_- . 991985 


SS ~ = 7 . 
————— SS —S——— ——— ——— 
—— — = - = — — —=2 = a _ 


To the Dif, Latitude, 309 ee BF” -49039 


aepeeepine aca 


For the Departure. 


US FE Creer. Roeneeng SE nee, 
As Radi SA oe Log. 10.00000 


To the Diftance Gk seh 3 3 UE. 
So is S. Courfe, — 33” 45 ae wae 


“To the eb sah ie trent tr Bed mirth X2.3%528 


Problem II. 


The Courtea ray Diff. Latitude being: given, to find the Diflenee arid 
Departure. 


| Example. 
A Ship ailing N. W. by Ns until her Difference, of Latitud b 
‘Idemand her ernie and Departure, © * oe ay : 
Plate 4} Fig. pis 
The Operation, 
For the. Dittance, , 
As fc. of the Courle—--—— 33° 45 (= Log. 9. 91985 


~ Fo'the Diff Latitude gers os rear stot ons ae 
Pedodadius ——.. a ee Ht ns 1.00000 


To the Diftance (iled, Speen 37 | nn an ee ene 2 SFO TL 
For 


plain Sailtug, 


For the Departure. 
Co. Ar. 


‘As {c. Courle———— ——— 33° 45! ————~ Log. 0.08915 


To the Diff. Lat. ——--——— 399 —--—— 2.48996 
So is {. Courfe som 33 4S ————--———._ 9.74474 


To the Departure ——--—~ 206 


roblent ITT. 


The Courfe and Departure given, to find the Diftance and Difference 
of Latitude. 


——— 2.31495 


Example. 
A Ship failing S. E. by S. until her Departure be 206’, I demand the 
Diftance and Difference of Latitude. 
Plate 1. Figs 3. 
The Operation. 


For the Diftance. 


As f. Courfe ———-——"33° 45! ———=«--—--— Log, 9.74474 
To the Departure ———- —-206 — — 2.31387 


SPREE 


So is Radius - 


| 0,00000 


== 


To the Diftance ————— 8.70 a 2.56913 


For the Diff. Latitude. 


Go, Ar. 

As. Courfe —————-——-33° 4 woman LOZ, 0.25526 
To the Departure ——-—---—206 2.31397 
So is fc. Courle- a 3345 9.91985 


To Diff. Lat.--————-——-—. 308. —————- ——— = ¥2.48998 


}Pwblem IV. 


The Diftance and Difference of Latitude given, to find the Courfe 
and Departure. 


Exaviple 


a ene se i i a sipicscopsinenceih si Gp pha a gts a pa Tener = ae eS ae 
- Se eT eer ail = a E ¥ EES ee ar: aA ; aie ca aaa ri “ SES REIL. “2 ota ar aeie a = <i < ec 
. y - ye REY hie r oe aan 2a r atin SET , = puny! Set, ER aed . 5 ceilatig gl pbs ea ao — SS Se a 
Pe, tee . oe ees oes ~ TOR ae a2 . me i oe Si Py Fe ad \ - | ee a 
io \ s “ r. ? 7s —— = - - - 


we on a aan 
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(8 Baie Setting. 


Example. 


A Ship fails between the North and the Eaft'399! 
of | Latitude be 309! ; I demand the Courfe ad Doe het Difference 


The Operation, PEA PiBe4 


3 For the Courf. 
As the Diftance failed, 3451 fen)” Lop 
| is) ORs 225 70 
To Radius ) pd eT TP tgs i ee 
So 1s tiie Diff. Lat; 309 —. et ee ae oe 
nee aed 996 


To the fc, Courfe 33° so! 7 We ee 
i Nome 2 2 ome 


For the Departure. 
Aatadiis a ee ee 
re ak pan Sah ’ —~-—— Log. t0.00090 
oO the Ditltance, 372! Pa nas 
Ms . OL gy Ee evens er 
80 és the f. Courfe, 33° 50 - | ET 2957054 


Problem Vv. 


“The Diftance and Departure given, to find the Courfe and Difference 


of Latitude. | 
Example, 


AShip fails between the South and the Welt l i] 
ture be 206’; I demand the Courfe and Diff. of Rae oe ae 
PI ; 
The Operation. abel, Fy. 5. 


For the Courfe, 
As the Diftance —~ 372) Log. 2.5705 
. “eh + 
To Radius Se me ne NT EB aa 10,00 
So ts the Departure’ 206 ven 2 3 i587 
Tothef. Courfe 333. 37 me tn rene 974333 
| ” or 


wiain Sails. a> 


‘For the Diff. Latitude. 


As Radius Pegenrenpaiina tecae® Dentereeerant = Log. 10,00006 
To the Diftance ————3 72! —_—_— — 2.57054 
So is fc. of the Courle, 33° 37 ——-——--—-—-_ 9.9295? 


ae) 


ae a 124 LOG 


To the Diff. Latitude, 3.09 
{Probie V1. 


The Difference of Latitude, and Departure given, to find the Courfe 
and Diftance. 
Example. 


-AShip failing between the South and Weft, until her Diff. Latitude 
be 309 min. and her Departure 206 min. I demand the Courfe and 


Diftance. 
Plate 1. Fig. 6. 


‘The Operation. 
For the Courfe. 


‘As the Diff. Lat. 309 min. 


To Radius —-———~ 
So is the Departure, 206 min, —--————— — 2.31387 


Tot. Courfe 33° 41’ -—— w2, 
For the Diftance. 


peeincniceacestnns CAIDAS wines crac? bammenstets SS i QO. Oo0cO 


> 5 aaa 9.82391 


As {, Courfe 33° 41! ee ——— Lg. 9-743 98 
To the Departure . 206 —--————--——-~"_ 73? 387 
So is Radius eee pens ore = eet TQ, OOO00 


Cs pe, 


To the Diftance -—— 373 =————— 2.56939 


SECT. 


NEE es | 


Dain Sait, 
DOE ok ta ee eo a ETT ET eae a a ee 
SRC FT 


The Doctrine of Oblique Triangles applied in Problems of 
Plain Sailing, 


jP20blem 1. 
i Wo Ships {ail from the fame Port, the one fails E. N. E. 40 min. 
T the other E. by S. fo far, until the ‘find the firft § 
by W. I demand the fecond jh 


| hip bear N. W, 
p’s Diftance from the Port, and the Di- 
{tance between the two Ships. 


In the Triangle-A DE. 
A reprefents the Port, 


AD the E.N.E. Courfe, and AE the E. by S. Courfe, 


Plate 1, Fig, re 


The Operation. 


To find the fecond Ship’s Diftance from the Port, 


Co. Ar. 

As S.AED Tat to bog. 0.41716 

ToAD BO a er ens jt 1.60206 

So isS. AD E123. 45. Te nn eee B.0 185 

TO AE S86 ES steed aaa T1.93907 
To find the Diftance between the Ships. 


AsS. AED 
ToAD 


Reema ao 


90 is S, DAE 33 45 7 


Pobient 1 


wo Ports that lie Eaft and Weft one from another, 
¢ Weitermoft Port N. E. 41’, the other {ails from 


the 


Suppofe there are t 
One Ship fails from th 


{lain Sailing. ee 
the Eaftermof Port 80’, and meets with the firft Ship: 1 demand the 
Courfe fteer’'d by the fecond Ship, and the Dittance betwixt the two 


Parts. 
ees Plate 1. Fig. 8. 
Let A reprefent the Weftermofi Port, 
E the Eatiermotlt, 
a D the Courfe and Diftance of the firft Ship, 
1 the Place where the Ships meet. 


To find the fecond Ship’s Courfe. 


The Operation. 
Co. Ar. 
AS E a —— 80! same \~ Log. 5.09691 
Tot, DAL 45 06 ——— oe 9.84948 
Sois AD 4 1.61278 


To f, AED 21 14 a ee 29.55 917 


The Courte is N. W..682 46', or W.N. W.a little Wefterly. 
To find the Diftance between the two Ships. 


Co. Ar. 
Log. 0.15052 


mest Grasso 


Asi£DAE 43°00! 


Tok D———_- 80 90309 


Q:9615% 


eer com 


— $2,015 12 


Soist ADE 113 46 -———— 
ToAE- 


jOroblem IL. 


Suppofe two Ships fet fail froma certain Pioad, the one fails S. by E. 


ze min. the other §.S.W.25 m. I demand their Bearing and Diftance | 


from each other. | 
Plate 1. Fig. 9 
In the Triangle A D E, 

A: reprefents the Road, 

A Dthe firft Ship’s Courfe and Diltance, 

AE the fecond Ship’s Courle and Diftance. 


K 2 


BE SSS SS Se ae ee 
re ae 6 = 


“dha 


a 
a 


“a igi OE 
ene aa pi 


Re 


plain: Sailing... 
The. Operation, 


To find the Bearings, 


AE 25 
AD 20 


Sum, AS Sum, 146 15, ZW ADE and MED, 
Diff, os + SUM, 73° 07 


Co. Ar. 
Log. 8.34679 
—- 0, 69897 
Taser EOL SI ae 

Q ty, their Ditters. 20° 06. eet X9,56. 
. +2 WV 73° o7! | fakes 

IXWV 20 06: 


Sum, 93. 13 ADE 
Dif! 53 or AED 


The Bearings of the Ships are N. E. 75° 31'; and S, W. 75°31"! or 
BLN. E,% E. and W.S. W. 2 W. jeree 7 


Reich Land AD ite (oo 
Po their, Dilfer.” —— ogni ie 
So ist. + ZVV Dand E 73° 07! — —_ 


To-find their Diflancey 
Co,. Ar. 
AsS. AED = 53° o1/+—___ won Le, 0.09756 
To AD 29 SS 1.30103 
pois! D AE 33 457. ee 9-74474. 


TOE 19, Se ¥1.14333 


joroblem Iv. 


A Ship fails from a certain Port'$: S$. E. 68 min. and then fails 72. 
min: more Hafterly, But is forced back by foul Weather $2 min, to the 
Port from whence fhe fet fail: I demand what Courfe fhe fteered.:from. 
the fecond Place to the third, .and how fhefailed back to the firf Port. 
Plate 1, Fig. 10, 
Let A zeprefent the Port, . 
E the fecond Place, 
1D the.third Place, 


The 


To find the Courfe 
kD 82 

AE 68 
Sum, 15° 


Dif. 14 


As D E. the Bafe 72! 
ToZa® AEandA D 150 
So is their Difference 14 
To aSegment ofthe Bale, 29 

DE qa! 


Segment 29. 
Diff. | 43 


= Dif. @rGy oF ail 


N.E. 2 E. fere. 
To find the Cour 


Tof ABD 71S 34) — 


| $5 is AE 68 min. ——-——— 


Tof ADE 51° g3) — 


pre ae Pea Se a 


Welterly.. 


Pian Sailtig- 


The Operation. | 
from the fecond Place to the third. 


68! ae nas 


| The Courle from the fecond Place to the thirds 


As A D 82 min. eee erm 


The Courfe to the Port is NW. 79° 03's 


Co. Ar. 
eens 217808 


DE 72 


Segment 29° 
eee 
Sum 108 


EB. 2Sums504+DB 50+. 


————— Log. 1.93251 


Cee ee i a ee 


a 


| kee AED Ee on 


is N. E..49° 04", OF 


fe back Ms the Port.. 
Co. Ar 


Log, 8.08019 te 
ee ODOT FAD 
pepe 1593251: 


LE, 


i a 
eee 


nel 
49.89592: 


or W. byNi. alittle 


© NYE 


F ' 
CHAP. VIL 


The Doétrine of Plain Kight-angled 
Triangles apphed it P ro gt EMS of 


Dercatoys Sailing, 


SHE true Sea-Chart, commonly 
(which is the ufeful Invention of fe) 
ward Wright, although this 
“&.- thereof) performs th. li | 
fame manner for eafe, and yet roi} exactly; hecaufe 
laid down upon this Ghart with the fame Trath as-upo 


as to their Latitudeand Longitude, ‘Bearing and-Dift 
ther. 


{2oblem I. 


~.. To find the Meridional Difference of Latitude, or the Difference of 
~ Latitude in Meridional Parts. - ° 


Forff, If one Place be under the Equino@ial, and the other in North 
Or South Latitud idi 


oO! : € Table of Meridional 
Parts) anfwerin Mi he Place’ Latitude, js 
“the Meridional Di | , 


E. “ample, 


 Dereatar’s Sailing. vt 


Example. 


One Place in the Latitude 37° 27! North, the other under the Equi. 
noétial : I demand the Difference of Latitude in Meridional Parts. 


Lat. 37° 27'-————- | “2426 
2426 is the Meridional Diff. Latitude. 


Secondly, \f two Places be both in North, or both in South Latitude, 
fabtra& the Meridional Parts of the lefs Latitude from thofe of the 
preater, the Remainder is the Meridional Diff. Latitude. 


Example 1. | 
M.Pts. 
One Place in the Latitude 37° 20°N. 2418 
The other in the Latitude 17 10 N. 1046 
The Meridional Diff, Latitude, I 372 
Example 2. 

M.Pts. 

One Place in the Latitude 45° 56’ S. 2110 
The other in the Latitude 29 17 S. 1339 
The Maridional Diff. Latitude, 1275 


Thirdly, \f of the two Places che one have North Latitude; the other 
South, add ¢ ‘eridional Parts of each Latitude together, the Sum is 
the Dit. Latitude in Meridional Parts. 


Example. M.Pts. 

One Place in the Latitude 42° 17'S. 2.805 
The other in the Latitude 27 19 N. 1705 
ane is 

The Meridional Diff, Latitude. 4510 


JO.oblem IL. 


Both Latitudes, and the Difference of Longitude between any two 


Places being given, to find the Gourfe and Luttance. 
Example. 


ERT To eld 
eas = # 


7e Wercator’s Sailing. 


Example. 


Admit the Lizard in the Latitude‘so° North, and the Barbadee in 
the Latitude 13° 12’ North, the Difference of Longitude 52° 57! Weft; 
I demand the Courfe and Diftance. 


In the Right-angled Triangle A bc, , 
Ab reprefents the proper Difference of Latitude, 
‘be the Departure, 

Ac the Diftance failed, 
b Ac the Courfe, 
A cbthe Compl. of the Courfe; 
Plate 1. Figs 11. 

In the Right-angled Triangle ABC, 

A B reprefents the Meridionah Diff. Latitude, 
BC the Difference of Longitude, 

B AC the Angle of the Courfe, 

A CB the Compl. of the Courfe. 


The Difference of Longitude reduced'to minutes, makes 3 177 min. 
To find the Meridional Difference of Latitude. 


M.Pts, 
One Place in theLatitude 50° 00'N. 347¢ 
‘The other in the Latitude 13. 12 N. 799 


The Meridional Diff. Latitude, 2676 


The Operatson. 
For the Courfe. 


aR p 
“As Merid. Diff. Lat. 2676 min, —-——. — 2s een Log. 3.42749 
To Radius - So en enn 1 0,00000 
So is the Diff. Longitude 3 177 min. —— 3.50202 
Tot. Courfe 49° 53! en a nt en 10.07453 


The CoureisS.W.2W. 


Lat. 


~gpertata’s Sailing. 


“For the Diftance. 
re Lat. 5o° oo! +n dee = 


Lat 13° 12 ; 
Propet Diff. Lat. 36°48, which.is 2208 min. | 
As{c. Courle —-—-—— 49° $3 Se elit 2 iO | Oa Boot 2 


~To proper it Late 2208 OO 
So is Radius Sere cbabariised tegen en S10. 20000 


Geers eae (RS 


To the ‘Dittance. ——— 3426 Saar RRC 53488 


yrablet Ii. 
Both Latitudes and the Courfe er" to find the Pitane and Dif- 


teen of Longitude. 
“Example. 
“AShip fails from: the Latsgo North, intl fhe bein ‘the Latitude of - 
i! Northy-her-Courfe S. W. 50° 39! or S, W. £ W. fomewhat 
ie Wefterly ; 1 demand the Diftance, and Difference of Longitude. 
The proper Difference of Latitude is 2208 min, 
The Meridional Difference. of Latitude is 2676 min. 


The ‘Operation, eae 


For the Diftance. 


ssi pp ae ag ee Ame as SER EE So a 
es : + Sel pay , ae gh nog oh Rhett ae Koma stinal, Natali i eis Ses . = =a ae me —== 
} ae ame ie tne se * Bi ‘ ‘ 
"o : : is id = MK r fo ; : 


“As (&, Courle = 50° 57) = ~LO8.'9.79934 
To.the Difference of Latitude 2208.——— —' 3.34400 
So Is geen nein a ER renee 0 10.0000@ 
| To the Diftance — "3504 —_——~ 3. aes iL 


For the Difference of Longitude. 
As Radius —————_-—- —~- =~ LOZ. 10,00000 


| To the Metid. Diff. Lat. —— - 2676" a 3542749 |= 
| So is t. Gourfe, —— 50°. 57. cag fag did a ¥C.09086 7 
| _; 6° cRo: the Difference of Longit. -3 298 canner EE 43.5183 5 | 


Joroblem 


a ees eR et Ar a a aaa Em 
— Set Ac 9h et ecemarmeertcas ij te ERAT eae pani 
Tie ee 


—————E ‘ 
SE iin Se Pied >= J 


IIE a weatongnaet 


Pereatoy’s Saiting. 
Doble IV. 


. Both Latitudes.and: the Diftance given, ‘to find the Courfe and Diffec 
rence of Longitude. - \s 
| \ Example. 


.. A Ship fails from the Lat. 50° North, 3505’, until the be in the Lati- 
tude 13°12” North; I demand the Courfe and Difference of Longitude. 


~The. Metidional Difference of Latitudeis 2676 min, 
---The proper Differen ¢ Of Latitudeis 2208 min, 
| The Operation, 
For the Courfe. 


As the Diftance—menee —__ 3505! ————— Tog, 3.54469 


2 . en 
To Radius OTA Smead ela ¥O.00000 
SO is the Difference ‘of Lat. 2208 TPIT twisters | 233 4abo 

‘ ; j Te Selatan 


deeds esr ered (Mer ea 9.79931 
For the Difference of Longitude, 
As Radius oe Log. 10,00000 


To the Merid, Diff; Lat. —— 2676! oe fe ee toe ‘ 
So.is t. Courfe,-——_-__.9° 57 a 10,0908 


| ie rns 
To the Difference of Longit. 3298 ——.—____ 3+§1835 


Problem V. 


One Latitude, the Cour and Difference of Longitude being given, 
to find the other Latitude, and the Diftance. : 


Example. 


A Ship fails §,-w, 30° 97/, or SW. = W. fomewhat:more Wefterly, 
from the Latitude 5°” North,until the Difference of Longitude he 3297's 
Bdemand the othe; Latitude and Diliance, ay ae 7 

awe 


Wertaters Satling. 
The Operation. . 


~ For the other Latitude. 


As f. Courfe enyeecees = ; 50° 57 nino OG, i 009686 
Waa ee 32F a 
So is Radius-——— 


——3.51912 


as ith ans ale _ M.Pts. 

The Meridional Parts-anfwering to Latit«g0° North, “ate 3475 
ewe ee ek. tenn Promowhich lubtad® .. 2674 
“There remains ot FEOC Rog 


Abaind which, inthe Table of Meridional Parte, is thé ‘Latitade of 
13° 14', which is the Latitude of the Place, North. 
| For the Diftance. : | a 
The proper Difference of Latitude is 2206 min. 
‘sf, Courle —-———— 50° 57" ———- — Log. 9.79934 


eee: 


Tothe Difference of Latitude. 2206 —iee i a 3.94360 
So is Radius —— ee ___.-—-s 10,00308 


See 


To the Diftance ce 350 [oes eet Zi 54426 


~~ #preblem VI. 


One Latitude, the Courfe and Diftance given, to find the other Lati- 
tude and Difference of Longitude. : 


Example, ‘a 8 | 
A Ship being in the Latitude go° North, fails $. W. ¢0° 4/, of 
te S. W. + W. and fomewhat more Welteily 3 505! a] demmana ia 
| Latitude, and Difference of Longitude. | ) 


L2 The 


Dercators Sailing. -- 
The Operation, 
MOA TION Gab 
| | For the Dif, Latitude. — 
As Radius : - 7 <1. Log, 10.00000 
> 2) To.the Diftance, 3505! 3+5446 
So is fee Courfe;--— 50° » Yili pa e eeaoneee 970030 
at To. the Diff. Latitude, 2208 55 re) 
~~ ~The other Latitude is 13 deg. 12 min. North. * ii 
o* )<SBhe-Meridional Diff’ Latitudes 2676 min: | - : 
Cee, For the Diflerence'of Longitude. 


Ag Radius ee si Lops 10:00000 
1658018 t, Coulter a9 0° 557 ————-»—.-—_- 10, 09086 


SS eens 


|, To theDitt of Longitude 53298, —-+-—-—-+—-. 73151835 
“Pxdblem VIE bi 


if : ref , . ° | 
T wo Places both inone Parallel or Latitude, and their Difference of 
Longitude being given, to find the-Diftance between them. 


Example. 


4 Suppote two Places both in the Parallel or Latitude of s0deg. and 
their Difference of Longitude zo deg. Idemand the Diftance between 


them. >. = wesual 
. The Oper ation. 


<*< The Difference of Longitude in Minutes, is 4200, 
As Radius ————$- nnn OF, 10,00008 


ee 


To Diff. Longitude 4200 min. —-——~-. ——- —_—_ 3,62 325 
So is fc. Latitude 50 deg. ——_-____ —_— 9.80807 


ewe 


To the Diftance2700 mine ———— 53.4332 


Problem VIE. 
TwoPlaces both in one Latitude, and their Diftance given, to find’ 
tex Dificrence of Longitude. | 
Exaniple. 


0 
OR | 


4 


Percator’s Baiting. 81 
EE ress 


Suppole two. Places both in the Latitude 50 deg. and the Diftance 


between 2700 Min. 6) 
{ demand the Difference of Longitude, ° 


| The Oper ation. ; . : 
As {c, Latitude 8.0, de fm 9.80807: 


To the Diftance 2700 mi. ed RR = NENTS 3 43 136: 


| 
| So iS Radius es a es A 10.00009 ‘ 


Sal ee 


To the Diff. Long; ‘4200 min. a pcs rns’ 3462329 


Problem TX: 


Two Places fituate both in one Parallel ox Latitude, their Diftance 
and Difference of Longitude being given, to find the Parallel of Latitude. 


je Examples 
A Ship failing due Weft, 2700 min, until 


her Diff. Longitude be 4200 mins — 
I demand what Latitude the Ship fails in. - 


ai The Operation. | 
AS Diff, Longitude 4200 min. Sane Log. 3.62325 


To Radius 


peermen Cooma erences © Sacer  ecnecmrtona I 0.000098 


Sois the Diflance 2700 min, ———-— 3.43136 
So8ir 


; ors 


To fc, Latitude 50 deg, — $$ 9 


€ 82) 
| CHAP. VIL 
‘I be Doétrine of Spherical T riangles 
applied in~P-xo By. EMS of 
, _Oreat Circte ailing, 


- Lthouph it be hardly poffible for a Shi 
the Arch of a Great Circle,’ yet ie 
keep conveniently 


hear it, efpeciall 
and Welt) Courfe. 


"DD rattem 1. 


Two Places differing. only in Longitude, 


P exactly to trace out 
may be of Advantage to 
Y in a Parallel] (or Eafi 


Example. 


by 
re 


Let A reprefent the firft Place. 
E the fecond. 


Plate rz, Fig. 12, 


The Operation, 


To find of Pofition 


The Ob 
Right- 
- equal ; 


the Aj 


9 
ither of them there *j 


! ven the yporeny/z and 
the Angle at A or E. . eee 


In 


Great Circle Sailing. 


In the Triangle AB D: 
Ast. ADB 23° 30! —— ———— ——— Log. 10.36170 


To Radius —— 
So is. AD 40 00 ———_—— 9.88425 


(eae 


Gannon GSES 


9:52295 


TotaBAD 71 35 ——— 
2) To find the Diftance AE. 
[nthe Triangle A B D. 


———— LOZ. 10.00005 


ee eeeneiared 


‘As Radius ———— 


Tof. D ee 40° 008 9 rn tn 9.80807 
Soistl. ADB 2360 ———eeen een 9.60070 


Tof. AB— 14 §1 
AB—=14.§1 being doubled, produces < : 
AE—— 29.42, or 1782 min. 


en ni anil 9.GO07 


3. To find the Latitudes by which the Arch fhall pafs at every five 
Degrees of Longitude from A, reprefenting the firlt Post. 
Fir?, You muft findthe greateft Latitude by which the Arch paties; 


DB. | 
In the Triangle’ AB D. 


Aste, AD —— 40” 00” Ls t= Log, 10.07619 


To Radius ———« 
Sois A DB 23. 90. CE 


To t.B D — 37 35 ees 9852 
The Compl, of BD (to 90%) 52° 25! is the greateft 
Latitude. : 
Secondly, Fo find the Latitude by which the Arch pafles at every five 
Degrees of Longitude from A, you muft refolye the feyeral Right- 


angled Triangles, B Da, BD B Dy oe pub 
; fee ee 


an —_ — 
OP ta? A Renee 


iit 
' Mh 

ie 

tif 
All i Wiel 


‘€ 1§ 00 06 


ork 3 . . 
ee oe ge ee DOI eat oe pn 5) OTR. SO NUTELLA ce es phir at oe gary 


Baa eG ' Swat Circle Saiteng 
SubtraGting five deg. from A DB . 23° 30° 
There remains. ~~ a D BY 18 30 | 
Subtracting five deg. from. 18 go * 
Remains... tne 1D C...13.30 


| And fo for the reft, ‘as follows in the T abies 
18°30!) ~In the Triangle a B Dy: . 
Iz 30 ', To find by what Latitude the Point (a) paffes. 
08 30 = os 759 anes 
03 30 AS Ba 16 renee ro Log. 
OL 30 ?. , US Sr a 
06 30 | CAD Be ay eee eee 

J 


19.00000 
il 30 Sois {c.aDB 
16 30 
21% 30 


18 30 =~—— 9197606 


To t. Da . 39 04 ~=—— 1009067 


lor He Berio BeBe Be--e= ie 
elelolelololslele! 
wear Ss: G8 Fh 9.2 gg 


The Complement of D 4.50 deg. §6 min. North, , is the Latitude of 


| the Point\(a.)° 


Alter the fame manner are found the ‘Latitudes for the Points 
G; €) &c. in the fabfequent. Table. oe 


Long. = Lat.) Fourthly, Having the'Latitudes ‘and Longi- 
0°00! 50°00 | tudes by which’ the Arch paffes, you:may find 
05 00 6.50 56! the Courfe and Diftance from place to place - 
10 00 33. | by Mercator. 


25 00 There is given both Latitudes, 50 deg, 
30"o0'. North, ‘and 50 degrees 56 min. North. 
35 00 — | | 
40.00 And the Difference of Longitude, five de- 
1 45 00 grees Welt. eres 


A 

a 

C , 
ro . \ 

f 20 00 .50.to find the Courfe and Diftance A a, 
% 

h 

i 

k 


E 47 00 


The Meridional Difference of Latitude is 87 minutes, 


Great Citcle Gatling: 


For the Courfe. 


tere SSS Ae Log. 1,93 95 3 


perm coetrere oct Ree > 


As Merid. Diff. Lat. = $7/ —— 


0 @mxezenet) (tem eon es VE 


To Radius-——- -—— saaceas 
Sois the Dift. of Long. 300 ——————---~— 2.47712 


Pemeceee CS 


Tot. Courfe —— 73° 49! ———— —— = 10.537 90 


For the Difiance. 

As {c. Courfe 73° 49 -—— Log, 9.44515 
To the Difference of Latitude 56 ———— “1.74819 
So is Radius Lo ip REG RE AE baecbod 
To the Diftance ———- 200 ———= "2.303 04 


After the fame manner you will find the Courfes and Diftances 
ac, ce, ec. as they follow in the ‘Table. 


Places. Courfes. 


commit A SEE IER, 1 


From Atoa | NW 73° 49? 
Froma toc | NW 77 13 | 
Fromc toe | NW or 
From e tof | NW 85 02 
From £ tog | NV 
| 


ose 


Qe Ra 


iis ee ee nn a 
NIC aia OTe a ‘om hee a ee La ei 
eh. 7". y » * ” »" ’ fet a 4 a a 

= gu , * a re ig oa He 


pe EI 


From g toh 
From h toi | 
Fromi tok) $ 7 
From k to! |S w 7 
From | tok |S 


ae 


pn CN ETE AITO 


C6 Cc 
NS 

Fi, bowl GL f> 
6 


But in regard _moft of the Courfes afore-found, are fo near the Weft, 
you may fail W. N. W.917!, until you are tn the Latitude 55° 51! 


North; and then W. $. W. 917 min. further, you will ite ci 
M your 


a RES SASS, RP TENT hr TN 


ee cam cae cue eee tee 
7 ry eae Mt ae 


— Orat Circle Saiting, 
your Port. By thismeans you will alter your Latitude almof 


and the Diftance is but 52 more than that cf 
above 22 miu. more than the Parallel or Wek Di 


fix Degrees, 
a great Circle, and not 
tance. 


{220bleim IT. 
Two Places differing both in Latitude and Longitude, 
Example, 


Suppote the two Places to be one in the Latitude 36° North, the other 
in the Latitude 50° North, the Difference 


' of Longitude between them 
68° Eafterly: I demand the Angles of Potition, the Difance in the 
Arch, the Latitudes and Longitudes by which the Arch pafies, and the 


Courfe aud Diltance from place to Place, through thofe Latitudes and 
Longitudes, according to the true Chart, 


Let A reprefent the firft Place, in the Lat. 36°, 
E the fecond, in the Lat. 50°. 
Plate II, Fig.1 a3 
The Operation. 


Firft, To find the Angles of Pofition. 
Inthe Triangle A D E, 


AD 54° oo! ADE 68° oo! 
DE 40 0 


Sum, 94 00 


Diff. 14 00 


| Co. Ar 
As{iZa*-AD and DE- 47° oo! eth Ss : 
To fi BX tees | | 08+ 9.13 587 


r Fr 9.0858 
Sols tc. A DE au 34 00 ———___ eos 


Tot. sX WA andE 13 §2 Ter erie. soa 


As 


a7 
Co. Ar. 
As f. 2 Za A Dand DE 47 roa teat a tre tHP Ree 0.16622 


To (c. rs war 9.99673 
So is tc A Sy S iepeapseass 34 CQ — ren «TOT 108 


Tot. :ZWAandE 65.08 en rt commen 1 O, 3 33.98 


Hreat Circle Sailing: 


7 ZW 65° 08! 
rasp abc im e 


ff 8 


a The Angles of Pofition. 
Diff. 51 16 DAE) 


Secondly, To find the Diftance. 


Inthe Triangle ADE. 
Co. Ar: 

Asf. AED—79° 00! Log. 0.00805 
Tot. Se ey ay ee Gao 9.90796 
Sis ADE 6.00 —— eee 9.96716 


Tof.AE—— 49 5° A hme rare ate $8317 


The Diltanceis'49 deg. 0 min. whichiteduced into Minutes; makes 


2990 minutes. 


Thirdly, To find the Latitudes and Longitudes. by which the Arch 


pafles. °. 
Firft, Find the greateft Latitude by which the Arch pafles. 


Inthe Right-angled Triangle A BD. 


. Log. 10.00000 


Destin) (gest ESSS SS bn a 


As Radius ———--—- —— 


Tot AD —— 3¢ 60) eee PAGS 
ERS "9.0 39213 


ee (aa 


Sp DAS 511° — | 
. clone hale! “yo, 8000g, 


© 


arf 


To {, D B Qe ED 39 
DBis 39 deg. 07 min. whofe Compl. 50 deg, $3 min, is the greateft 


Latitude. ‘gk 
M 2 Secondly, 


Oat Cittte Saitiny: 
‘Secondly, To find the Vertical Aneles ADB; and BD E 


Inthe Right-angled Triangle A BD, 


Be ter BACT S916) oe r- , 
108. 9.90423 


ee 


From.— A DE 68° oo! 
Subtract AD B 53 46 


Remains BD E 14 14; 


Fhirdly,. To find: the Latitudes by which the Arch paflesat every five 


Degrees Longitude from A ; 
Triangles B Day BD b,. BDe oon refolve.the. feveral Right-angled 


Subtracting five deg. from ADB. «2° ,«: 
There remains ADb 43 i- 
Subtracting five deg. from 48 46: 
Remains. bDB. 43 a 
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So of the reft'in the following Table: 


BDa 48 46 12 
BDb 43 46. j See 
BDe 38.46; Rk: 03.46 
BD4 33 46 If ofa 14 
BD 28 46 06 14 
BDF 23 46 
B.D g 18-46- 
sascha aren tear EE 


in the Triangle 4D B, to find 
. : by what Latitude: 
the Arch paffes at the Point a. oo 


il 14 


Great Circle Sailing. Bo 


A’ , an2 on! <kcsstaiescaiis ale Ss cuniepechiaccog P 


To Radius 
So isi. aD B48 46 ————-——— 


“SORE RR ANTI SRES GURNEE terre gE REED dere er EERE peEEE ee -seD ] Oo OCCO 


9.81897 


—s 


To tc. @D~  §0° §9°— ee 9.90879 


Whofe Compl. 39° 01! isthe Latitude at 


After the fame manner, are found the Latitudes of . the feveral Points 
byc,d,e,@c. as in the fubfequent Table. 


Oe 
| 


Latitude. | Long. | Fourthly; Having thus the Lati- 
| tudes and Longitudes of the Arch, 
A 36° oo! | od! you may find the Courfs and Di- 
a 39° O1 O§ fiances from Place to Place, ac- 
: b 41 36 | 10 cording to Afercator. . 
43°47.) 3) | | 
dad 45° 37 20 : So to find. the Courfe and Di- 
e 47 O9 25° fiance A a. os 
f 48 22 30 Both Latitudes are 36 deg. and 
g 49 20 | 35°) 3odeg.ormib.. 
h 50 03, | 40 The Difference of Longitude 5) 
4 50° 33 | 45 ca). “ate. ae . 
kh 50 49 | 50. | _ . The proper Difference of Latitude 
fi. 50 "52: 7 3S iimn = * 
258 49 | 60 * | The Merid. Diflerence of Latitude:- 
| nt 50. 20 | 65 ©] | 228 Minutes. - : 
BE 3a%00.! eB : - 


For the Courfe. 


As Merid. Diff. Lat. 223 min. -—-——-— en —— —— LOZ. 263.5793 


To. Radiis-—— -—— nn 10.00000 ° 
So is the Diff. Longitude 300 min, = 2.47912: 


To t. Courle 52° 459 1919» 


Por. 


# 


OGvat Cite Saiting. 
For the Diftance, 


As fc. Courfe 


To Diff. Lat, ———-_ 18) —— 2.25768 
So 1s eatiisteteo re a, 


52° 45! nnn Log, 9.78193 | 


LN, Seeman ceeey EP suse A gy Mt Io. OOGCOG 


| ee 
To the Dittance 239 -———— 


After the’ fame manner yo" may find the Courfes and Diftances, ab, 
6,64, &c. as they tollow in the Table, 


f 


Milne 
299 
| 176 
255 
239 
226. 
212 
202 
199 
193 
192 
177 
192 


From 4 to a 
From 2 to b 
From 6 to ¢ 
Frome to d 
From d to e 
From e to f 
From f to g 
From g to bh 
From b to @ 
From i to k 
From k to 7 
From. to m 
From m to n 
From 2 to D 


{ | j ' 
Placts. Courfés, ~~ | Diffances. 
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Cit AD AV UL 
The Dottrine of tbe Sphere : Containing 


fundry Aftronomical Problems, 
ufeful in the Artofl srabigation. 


SECT. § 


Aftronomical Definitions. 


“€ HE Poles of the World are two fixed Points in the Heavens, 
diametrically oppofite one to another, the one vilible in our 
Hemifphere, called the North, or Artick Pole, noted with the 
FAs Letter P. Plate 2. Fig. 14. 
The other not feen of us, being in the lower Hemilphere, called the 
South, or Avtartick Pole, noted with S. 
The Axis of the World is an imaginary Line drawn from Pole to Pole, 


about which the Diurnal Motion is pertormed from Eaft to Weft. : 
The Aferidians axe Great Circles concurring and interfecting one ano- 

ther in the Poles of the World; as PES, and Pc S. 
The Equinottial, or Equator, isa Great Circle, 90 d, difiant from \4 


the Poles of the World, cutting the Meridians at Right-Angles, and 


dividing the World into two Parts, called the North and South Hems- 
fobere 5 ashes Q. id 


The 


Toner Spe ree 


92 The Martine of the Sphere. 

~The Echptick is a Great Circle, crofling the Equinotijal in the two 
oppolite Points Aries and Libra, and making an Angle therewith 
called its Obliquity) of 23 deg. 30 min. reprefented by y= yp, 


This Circle is divided into 12 Signs, each containing 20 deg. whofe 
.Names and Characters follow. & 30 aeg. Ww. 


Aries oA 
Taurus iy 
Gemini TE rhs 
- Cancer om Which are Northern Signs. 
Leo $l 
WV. arg0 ny 


Libra oa 
“Scorpius M1, 


Sagitar ws TF 
Capricornus =\ 


Thefe are Southern Signs. 


Aquarius fy 
jces i 


The Zodiack is aZone or Girdle; having eight Degrees of Latitude 
oneither fide of the Eclptick, in which {pace the Planets make their 
Revolutions. “Tis divided and diftinguifhed by the twelve Signs, 

The Colures are two Meridians, dividing the Equinottial and the 
Ecliptick into four equal parts; one of thefe paffes by the Equinostial 
Points, Aries and Libra, and is called the Equinottial Colure, as 
P i: S. 

The other by the beginning of Cancer and Capricorn, called the 
Solftitial Colure, P 3, S vw. 

The Poles of the Ecliptick are two Points, 23°30! diftant from the 
Poles of the World, as land K. 

The Tropicks are two {mall Circles, parallel to the Equinottial, avid 
diftant therefrom 23° 30’, limiting the Sun’s greateft Declination. 

The Northern Tropick pafles by the beginning of C ancer, and is called 
the Tropick of Cancer, as spa D. | 

The Southern Tropick paffes by the beginning of Capricorn, ‘and is 
called the Tropickof Capricorn, as Ab vy. 


The 


Che Dadrine of the Sphere. 


The Polar Circles ave two {mall Circles parallel to the Equinottial 
and diftant therefrom 66 deg. 30 min. and from the Poles of He 
World, 23 deg. 30 min. 

That which is adjacent to the North Pole, is called the <Artick 
Circle, as Gd. : 

And the other the Antartick Cercle, as Kd M. 

The Zenith and Nadir are two Points diametrically oppofite. 

The Zenith is the vertical Point, or the Point right over our Heads, 
as Z. 

The Nadir is directly oppofite thereto, as N. 
The Azsmuths, or Vertical Circles, are great Circles of the Sphere, 


concurring, and interfecting each other in the Zenith and Nadir, as’ 


ZEN. 

The Horizon is a great Circle 90 deg. diftant from the Zenith and 
Nadir, cutting all Azimuths at Right-Angles, and dividing the World 
into. two equal Parts, the Opper and vifible Hlemifphere, and . the 
Lower andinvifible: This Circle ts reprefented by H & R. 

The Meridian of a Place, is that Meridian which paffes by the 
Zenith and Nadir of the Place ; as P ZSN, : 

The Almicanthars, or Parallels of Altitude , ate {mall Circles, parallel 
co the Horizon, imagined to pals through every Degree and Minute of 
the Meridian, between the Zenith and Horizon , as Ba F. 

Parallels of Latitude, or Declination, are {mall Circles, parallel to the 
Equinottial: Vhey are called Parallels of Declination, in re{pect of the 
Sun or’ Stars in the Heavens$.and Parallels of Latitude, in xelpeG to 
any Place upon the Earth. 2 

The Latitude of a Place, is the Height of the Pole above the Horz- 
zon, or the Diftance between the Zenith and the Equineétial, 

The Latitude of a Star, is the Arch of a Circle, contained between 
the Center of aStar, aud the Eclsptick Line 5 this Circle making Right- 
Angles with the Ecliptick, and is counted cither Northward or South- 
ward according, to the Situation of the Star. 
~ Longitude on the Earth is meafared by an Arch of the Equimotital, 

‘contained between the primary Meridian, (or Meridian of that Place 
where Longitude is affigned to begin) and the Meridian of any other 
Place counted always Eafterly. 

The Longitude of a Star, is that part of the Ecliptick which is con- 

tained between the Star’s Place in the Ecliptick, and the beginning of 


e 


Aries, counting, them according to the Succeffion of the Signs. 


$3 


- PE er aS 


The Doctrine of the Spyere, 


Altitude of the Sun or Stars; is the Arch ofan Azimuth contained be- 
twixt the Center of the Sun or Star and the Horizon. 


Afcenfion is the rifing of any Star, or any part of the Equinottial above 
the Horizons and Defcenfion is the tetting thereof: 

Right-Afcenfion is the Number of Degrees and Minutes of ‘the Equi- 
notttal, (counted from the beginning of Aries) which cometh to the 
Meridsag with the Sun or Stars; or with any portion of the Ecliptick, 


Obliqne-Afcenfion is an Arch of the Eguinottial between the beginning, 
of Aries, and that part of, the Equinotteal that rifeth with the Center of 


a Star, or with any portion of the Ecliptick, in an Oblique- Sphere. 


Oblique-Defcenfion, is that part of the ‘Equinottial which {ets there- 
with. | 


Afcenfional Difference is an Arch of the Equinottial, beingthe Diffe= 
rence between the Right and Oblique Afcenjion. | 


The Amplitude of theSun or Star is the Diftance of the rifing or fet- 
ting thereof, from the Eaft or Weft Point of the Horizen. 

The Paralla is the Difference between the true and apparent Place of 

the Sun or Star; fo the true Place in refpeGt of Altitude is in the Line 

ACE, or ADG, the Sun or Star being at C or D. | 

. Plate3. Fig. 1. 

And the apparent Place in the Line BC F, or BD EL 


So the Angles of Parallax are AC B, or ECF ; and ADB, or 
GDH, : 


uadrant on the Earth’s Super- 


A the Center of the Earth? 


- Bany Point of the Earth’s Surface. 


Refrativon 
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Che Doctrine of the Sphere. 


Refrattion of the Sires 


iam) 


Refract. 


oo!! 
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| 

fpbere, ox vaporous ThicknefS of the Air 
near the Earth’s {uperficies, whereby the Sun 
and Stars feem always to rife fooner, and iet 
later than really they do. 


obferved by Tycho. | The Refrattion is caufed by the Atmo- 


In the Latitude of 55 Degrees and there- 
abouts, it is allowed to be as follows in the 
Table, although it varies by the Weather. 


And in more Nothern Parts it hath been 
obferved to be greater. 


. The Ufe whereof ‘is this 5 


Suppofe the Altitude obferved were 10 
Degrees; the correfpondent Refraction is 
5 min. 30 feconds, which fubtracted from 
10 deg. the Remainder 9 deg. 54 min. 30 fe- 
conds, is the true Altitude. 


Che Doctrine of the Sphere. 
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Aftronomical Problems. 


Problem 1. 
He Sun’s Place in the val, as and greateft Declination being 
given, to find his prefent Declination. 


Example I. 


The Sun’s Place begin in 26° 41! of Taurus, and his preatelt Decli- 
nation, or the Angle of the Ecliptick with the Equinottial, 23° 30/; to 
find the prefent Declination. | Plate 3. Fig. 16. 


In the Right-angled Spherical Triangle vy B C,<there is given ¥Y C 
the Hypotenufe 56° 41’, the Sun’s Diftance from Artes, and the Angle 
BY C, the greateft Declination, (by the grb Cafe) to find the oppo- 
fite Leg B C, the Sun’s prefent Declination. 


Therefore the Proportson and Operation us 5 


As Radius ———— Log. 10.96000 
To f. By C 23° 30', the Sun’s greateft Declinat, —_ 9.60070 
Soisf, ¥ C 56 41, the Sun’s Diftance from yy —— 9.92202 


To BC io 28, the prefent Declination N. ——1’9,52272 


Note; That the Sun’s Diftance is always accounted from the neareft 
of the EquinoGial Points, Aries or Libra: therefore if the Sun-be m 
the Northern Signs, Aries, Taurus, or Geminis ox in the Southern 
« Signs, Capricornus, Aquarius, or Pifces, his Diltance is computed 
from Aries. 

But if his Place be in the Northern Signs, Cancer, Leo, or Virgo ox 
we Southern Signs, Libra, Scorpio, or Sagittarins, “tis reckoned from 

4OF a. ; 


/ 


If 


if in the Southern Signs, Somtherly. 


Example 2. 


| The Sun’s Place is 22° 12! of -Aquarins his greateft Declination Cas 


before) 23° 30’ 5. to find his prefent Declination. 


The Operation, . 


he Dortvine of the Sopbere. 


If the Sun be in the Northern Signs, his Declination is Mortherly> 


Plate 3, Fig. 16. 


The Sun’s Diftance from Aries, is 37 deg. 48 min. 


In the Right-angled Triangle Y DF. 


pean © pen. 


As Radius- 


To f Dv F 23°30!, the greateft Declination, 
Soisi. YE 37 48, the Diftance from Aries 


Tof. DF 14 08, the prefent Declination S.~ 


You may find the Sun’s Place by the Tables in frenomsa C arolsna. 


oblem IT. 


ma L02, 10.000008- 


9.60070 
9.78739 


Seen oe 


19.3 3809 


The Sun’s Place given, to find his Right-Afcenfion.. 


Note. 


The Sun’s greateft Declination is concluded by Mr. Streer, in his 


Careline Tables, to be 23° 30', therefore °tis always given. 


Example Ie 


In the Right-angled Triangle ‘y BC, there is given the Eyporenufe, 


v C56 deg. 41 min, the Sun’s Place from Arses. 


The Angle By C, 23 deg, 30 min. the greateft Declination, (by 
the 6th Cafe) to find the adjacent Leg ¥ B, the Right A(cenfion. 


Plate 3. Fig, 16. 


97 


Che Doctrine of the Sphere. 


The Operation. 


Tot. VC © 56° 41!,. theSun’s Long, from 
Sois fc. By Cge3 30, the greateti Declination, 


Tot VB 


momen OD, 


54 22, the Right-Afcen. fromy 
¥ Example 2. 
The Sun’s Place is 22° 12! of 


Aquarius : 
To find the Right Afcenffon. 


Plate 3. 
The Operation. 


4 Inthe Right-angled Triangle v DF, 


As Radius et RRP UR ont nae 


~——— Log. 


To t. VF -— 37° 48/, the Sun’s Long. from y 
Sois fc. DV F 23 30, the greateft Declination, 


Tot.vy D——35 25, the Right-A(cen. from the 
next Equinoctial Point. 


10.00000 


(Pee eter cteneaen 


10.18324 
9.96240 


ee 


10:14464 


Fig. 16. 


‘ 
¢ 


10.00000 


9.88968 
9.96235 


RD ee Sat es 


49.85199 


This Proportion finds the Right-Afcenfion from the neareft Equi- 


noctial Point, as you account the Longitude in the Operation. 


But the 


Right-Afcenfion is to be reckoned from Aries, according te the Suc- 


ceffion of the Signs. 
Therefore in this laft Example, the Complement of 
360, which is 324° 35', is the Right-Afcenfion fought. 


Jeoblen ITT. 


The Sun’s Declination 
Lari, 
Example I. 
The Sun’s Declination is 1 9° 30! ‘North, encreafing. 
To find his Place, 


35° 25', te 


given, to find his Place or Longitude from 


Plate 3. Fig. 16. 


The Doctrine of the Sphere. 


In the Right-angled Triangle v BC, 
There is given the Leg BC 19°30’, the Sun’s ptefent Decli- 
nation. : 
The oppofite Angle BvC 23°30’, the greateft Decline ~*~ + 
tion. ‘At 
And. the Hypotenufe ~ C-required, (by the 10th Cafe). being the 
Sun’s Diftance from Aries or Libra. 


ta 


The Operation. 
As f£. B ¥€-23° 30%, the greateft Declination,—-Log: 9.60070 
To Radius , 


“Soisf.BC 19 30, the prefent Declination» 9.5234 


Gamera ee poy 


9.92279 


2 Sa emnsnenereD 


= 


fg SY , ees I 0O.000C0O 


Tol. “GC 56 50 Sasa ey Sasi, SE 


Which 56° 50 reduced into Signs, is 1°26° so!, 
or-26 50. of Taurus. 


If the Sun’s Declination be North, and encreafing, this Proportion 
finds the Sun's Diftance from Aries if decreafing, from: Libra, in the 
Northern Signs. a 
"If thie Sun’s Declination be South, and encreafing, from Lsbra; if 
decreafing, from Aries, among the Southern Signs; v: 


Example 2. 


The. Sun’s Declination is 14° 10! South, decreafing, 

To find the Longitude from Aries, , ue | 

® Plate 3. Fig. 16. 
Ibe Operation. 


In the: Triangle Vv. D Feit. 3°92 a8 
As f£ DV F 23° 30!, the greateft Declination, - 9.60076 


Sees joss 


To Radius ————-—_____.___— 
Soisf. DF 14 10, the prefent Declination, —~ 


inning tment 1), OOO CO 


9.38875 Ig 


go> 


To {, v F 37 52, the Diftance from Aries —--—— 9.78801 a 


\. 


Che Oodrine of the Sphere. 


The Compl. of 37 deg. §2 min. to 360 deg. is 322 deg. o8 min, 
Which reduced into Signs, is 10°22° o8!, or 229 68! of Aquarins. 


Problem Iv. , 
The Sun’s Declination given, to find the Right-Afcenfion. 


Example x. 


The Suns Declination is 19° 30’ North, increafing. 
To find his Right- A{cenfion, 
7 7 | Plate 3. Fig. 16. 
In the Right-angled Triangle ~ BC, | 
Where is given the Leg BC 10° ge”, the Snn’s prefent) Decli- 
nation. 
And the oppolite AngleBVC 23° 30, the greateft Declination, 
(by the 1/# Cafe) to find the Leg vB, the Rught- Afcenfion, 


As Radius ES nt ne 10.0000 


ames 


To tc. BY C :23° 30%, the greateft Declination, ———— 10.3617 
Soist. BC 419 30, the piefent Declination, 


Tol vB— 54 32, the Right-Atcen: fromy E9.01085 


The fame Caution which. was given for the right accounting the 
Sun’s Place in the third Problem, ferves for the Right-Afcenfion 5 only 
as that was giveniin Signs, Degrees’and Minutes, this mult be given in 
Degrees and Minutes from Aries, 


hy 


Example 2, 


The Sun's Declination is’ 14° 10! South, decreafing. 
To-find the Right. A {cenfion; 


Plate 3. Fig. 16, 


Che Oactrine of the Sphere. 


The Operation. 
In the Right-angled Triangle y DF. 


As Radius ————-——-—~—— Log. 10.00000 


See 


Gee 


To tc. DVF 23° 30/, theSun’s greateft Declinat. 10.36170 
So ist. DF 14 10, the prefent Declination ——— 9.40212 


TofvF © 35 29, theRight Afcenfion 19.9682 


£9.76382 


31min, the Right Afcenfion from <4rves. 


jroblem V. 


The Latitude of a Place, and the Sun’s Declination being given, 
to tind the Afcenfional Difference. 


Example. 


In the Latitude 51 deg. 32 min. the Sun’s Declination being 20 deg. 
12 min. to iad the Afcentfional Difference. 


In the Right-angled Triangle ab c, 

There is given the Leg bc 20 deg. 12 min. the Sun’s Declination, 
and the oppofite Angle bac 38 deg. 28 min. the Compl. of the Lati- 
tude, or the Angle between the Equinoctial and Horizon ; (by the firfk 
Cafe) to find the other Leg ab, the Afcentional Difference. 

Plate 3. Fig.t7. 
The Oper.atson. 


As Radius ae ts ns eee penne nnn neeenn OG, 10,0000 


To tc. b ac, 38° 28! the Compl. of.the Lat. — 
So is t.bc, 20 12, the Declination - 


10:0999f 
95 AONE 9.55576 


Tofab 27 35, the Afcenfional Difference ——— 19.66567 
O jobless 


The Complement of 35 deg. 29 min. to 360 deg. is 224 deg. 


——— eee 
y OS ape — 


OI se 


Che Dakine of the Sphere. 


jRoblem VI; 
To find the Oblique Afcenfion or Defcenfion. 


Firft,..Find the Afcenfional Difference by the fifth Problem, ‘and the 
Right Afcenfton by the fourth Problem. 
so : : 


Secondly, Uf the Sun’s’ Declination be Northerly, . the Afcenfional 
Diffeqence {ubtracted from the Right, Afcenfion, leaves the Oblique Afcen- 
fiow 5 and added tothe Right Afcenfion, gives the Oblique Defcenfion: 


‘Thirdly, If the Sun’s Declination be Southerly, the 4/cenficxal Diffe- 
Ys y CLs ABE 44 f 
rence added to the Right A/cenfion, ives the Oblique Afcenfion, and 
fubtracted therefrom, leaves the Obsique Defcenfion, 


Note, 


If the Right Afcenfion be lefs than the Afcenfional Difference, add 
360 deg. to the Right Afcenfion, and then fubtraé it therefrom; Or 
if the Sum of the Right Afcenfion and Afcenfional Difference, exceeds 
36o0deg. reject 360 deg. the Remainder is the Qblique Afcenfion, or 
Defcenfion required. : 


jOroblem VII. 


To find the Time of the Swa’s Rifing ox Setting, and confequently 
the Length of the Day or Night. 


Firff, Find the Afcenfional Difference by the fifth Problem, which 
reduced into Hours and Minutes of Time, by allowing for every 15 deg. 
one hour, and for every degree lefg than 15, 4 min. of Time, and for 
every 15 min. one Minute of Time. 


Secondly, \f the Sun’s Declination be Northerly, the 4/cenfional 
Difference added to fix hours, gives the Time of Sun-fetting. 

And {ubtracted therefrom, leaves the Time of Sun-rifing. 

On the contrary, If the Sun’s Declination be Southerly, the Afcen- 
fional Difference added to fix hours gives the Time of San-rifing, and 
fubtracted therefrom, the Time of Sua-fetting. 

Lhirdly, 
é 


a 4 
y 


0st i area ee eT Ee in, STE ee ae 

Ree Searle Eh” BCPC SAE OE ttt oN CUERRANE PS liv SUR RELI oe dip Wee 

Se a 3 iv Dee aed 1 Ber bis FEM 10 te Be te ae ee ie ie a = 
* Siig bind on SA ae 
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Thirdly, \f you double: the Time ‘of Sua fetting, it gives you the 
Length of the Day; and the Time of a ‘rife doubled, the Length 
of the Nigh t 


Example 1. 


In the Latitude §1deg. 32 min, North, the Swn’s Declination 
20 deg. 12 min. I North. 

And the Afcenfional Difference by. the, fifth Problem is 27 deg. 35 
min. which reduced into Time sorts I hour 5° minutes, 


thos mins © « 
Therefore the Time of Sun ofetting is7 50. 


The Time of Sva-rifing, 4°16" 
The Length of the Day, gi 4 TS ~ AO. 
The Lengeh of the Night, 8 20 


Example 5. 


In the Latitude SueS. 32 min. the Declination 20 o deg. 12 mins 


South. 
And the Afcenfi ional Difference is 27 deg... 35 min. See makés 
(as before) 1 hour gO minutes of Time. 


ho, min. 


The Timeof Sanrrifing, 9 2° 7. §0 
‘The Time of Setting, 4 1 . 
The Length of the Day, 2 5 B50 
The Length of the Night, 15 40 


_.JPzoblem VIL. 


The, Latitude of a Place, and the Sun’s Declination being 2 giv relly 
to Fed the.Sun’s Amplitude. 


Example. 


In-the Latitude. 1-deg..32 min, the Sun’s Declination being 20 
deg. 12min. to find the--dmphitude. 


O2 


The Dactrine of the Sphere. 103 


, Uw: IPO eee - 
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ee ee 


Che Dodvine of the Sphere, 
In the Right-angled Triangle abc, there is given the Lee bc 20 deg: 


12 min, and the oppofite Angleb ac 38 deg, 28 min, (by the tenth 
Cafe) to find the Hypotenufe ac the Amplitude, 


; Plate 3. Fig. 17. 
The Operation. 


Asfib ac, 38°28! the Compl. of the Lat, ———.___ 


To Radius————.__ LR Hn Me ee TO, OOODQ 
S0isfibc 20 12 the Declination ———--——. 9.53819 


. eee 


Tof ac 33 43, the Amplitude, “mn 9.74436 


- If the Sun’s Declination be Northerly,, the Amplitude is to the North- 


ward of the Eaft or Weft; If the Declination be Southerly, to-the 
Southward, 


9.79383 


en Renee 


Problem IX. 


The Latitude of a Place, and the Sun’s Declination being given, to 
find at what time the Sun thall be due Eaft or Welt. 


Example, 


In the Latitude 51deg. 32 min. North, ‘the Ss Declination 20 deg. 
12 min. North. . : 


To find at what time'the Sun fhall be due Faft or Weft. 


In the Right-angled Triangle a d e, there is given the Leg de 20 deg. 
12 min. and the oppofite Angle dae, 5tdeg. 32 min, (by the fir 
Cafe) to find theLeg ae, the Time from fix. 

ve , Plate 3. Figs 17. 
The Operation: 


AS Rad itis — eee Log. 10.00000 


Totc.dae 51°32! the Latitude —.—_+---—__ 9-90009 
Soist.de 20 12, the’ Declination 9.56576 


Pofiacm16 59; the Diftance from fix ———— 59,465 85 
Which 


Che Dodrine of the Sphere. 105 


which added ‘to fix-hours, gives 7 hours and eight min. at which time 
the Sun comes to the Baft, and fubtracted from 6-hours, leaves 4 hours 
52min, the-time of his being inthe Weft Azimuth, or Prime Vertical. 


jorshlem X. 


The Latitude of the Place, and the Sun’s Declination being given; to 


find the Sun’s Altitude, being in the Eaft or Welt Azimuth, ox Prime. 


Kerrical. | 
Example, 


In the Latitude 51 deg. 32 min. North, the Declination 20 deg; - 


i2-min, North, to find the Sun’s Altitude being due Eaft or Weft. 


In the Right-angled Triangle ade, there is given the Leg de 20 deg, 


12 min. andthe oppofite Angle, dae 51 deg. 32 min. (bythe tenth : 


Gafe) to find the Hypotenufe a. . 
Plate 3, Fig. 17. 


The Operations 
Asf{i dae. 512 32! the Latitude ——--———---—-—-. 9.89974 
To Radius 


Oo enmity, 


Pea ———~ TOQ000G 


Qe amas 


z a TRIS 


Soisf.de 20 12, the Declination, ————-———-._ 9.53819 - 


Tofad 26 10, theAlt. in the Rime Vert. ———. 9.64445 ; 


jOroblem = XI. 


The Latitude of a Place, and the Sun’s Declination being give, to 


find his Altitude at fix of the Clock. 
Example. 


| In the Latitude 51 deg. 32.min. North, the Declination 23 deg: 
30 min. North,: to find the Sun’s Altitude at. fx... 


in 


Which being reduced into Time makes one hour, eight minutes feré, 


=< = ~ —— 
oer - renee aa 


ere 


ma 7 
— 
cecal a a sm 


——- 


1O6! The Dadvine of the Sphere. 


In the Riyht-angied Triangle abc, there is given the Flypotenufe 
ac 23 deg.30'min.:. and the Angle bac, 51 deg. 32 min. (by the 
ninth Qafe)=to find the oppofite Leg bc. 

: ww. Mi Plate 3° Fig. 18. 


The Operation. 


AS Radins | ate ee Log. 10,.00000 
Td fea s3° 38! the Declitation- ++ — 9.60070 
Goisfbac51 32, the Latitude - OO 


To f, bc 18 11, the Aldtudeat ix —_—_____., 29.49444. 
“foW 10 Sed sub » IRVablei. KIT. 


oh Lie Latitude ofa Place, and the Sun’s Declination being given, 
to hind the Azimuth at tix. Ps | | 


Example. 


In the Latitude 51 deg. 32 min. North, the Declination 23 deg. 
30 min. North, to find the Sun’s wdzimeuth at fix of the Clock. 


“Yn the Right-angled Triangle’a bc, there is given the Hyporennfe, 
ac, 23.deg. 30 min..andthe Angle bac, 51_deg..32 min. (by the 
fixth Cafe)to find the adjacent Leg.a:b.. «| | 


APA The Operation, 


As Radius ————— A Hitine > —— Log. 10,00080 
Tot. ac 123° 30! -theDeclination ——_-—— 9.63830 
Soisic.bac 51 32, the Latitude aloo 9.79383 


ee 


Tot.ab 15 08, the Azimuth from the Eatt ¥9.42213 
oe . Peoblem XI. | 
The Latitude of the“Place, the’ Sun’s‘Altitade and Declination ‘beiiig 


‘given, to find his dzzmsuth, 


Exaviple, 


Che Daortrine of the Sphere, 


Example I. 


In the Latitude 51 deg. 32 min. North, the Declination 23 deg, 
q 
30 min.North, the Altitude 49 deg. 40min. ‘To find the Sun’s 
Azimuth, 


In the Obligue-ang! led Triangle DPZ, there is given, the three 
Sides, ZP 38°: - the Compl. of the Latit. PD 66° 30%, the Compl. 
of the Declination, or the Sun’s Diftance from the elevated Pole, and 
DZ 40° 20', ‘he on IP. of the Altitude, (by the 21th Cafe) to find 
the Angle D ZP, the Sun’s Azimuth from the North, 


Plate 3. Fig. 18. 


The Oper ation. 


The 2 EL) 40° 40! Sivie «23. 


1 Co. Ar. 0.18894 
ee LP. 36 28 Sine 


PRN a rare Ar. 0.20614 


The BaleD P 66 30 J Sum 72° 30’ Sine Log. 9.97978 
Sum 145 18, Rem. . 06 o0Sine 9.02992 
2.Sum 12.38 er Sum, 79. 4048 
Rem. : 06 o9 fc. 59 44 + Sum, 9.70240 

Which doubled, — 59 44 produces 
The Sun’s Azimuth 119 28 fromthe North. 


Example 2. 


In the Lat.31° 52” North, theSun’s Declination is 15° 16! South, 
and his Altitude 19° 37/3 to tind his Azsmuth from the North. 


Plate 4. Fig. 19. 
The Operation. 
In the Triangle D PZ, 


There 1s given PZ 38° 29! 
DZ 70° 23',DP 105° 16’; and D ZP required. 


a 


The Dattrine i the Sphere. 


The? ZD 70° 23/ Sine - Co. Ar. 0.02599 
Legs§ ZP 38 28 Sine —-———-——Co. Ar. 0.20617 
TheBafe DP ros 16 2 Sum 107° 03! Sine Be ea 9.98048 


Sum 214 07, Rem. o1 47 Sine 8.49304 


+ Sum 107 03, a Sum 28.70566 


—ee 


“Rem. Or AP AC, 76 §9 Sum 9.35233 


CaewE. D 


Which doubled, ‘76 §9 produces 
The Sun’s Azimuth 153 58 from the North. 


Example 3. 


In the Latit. 51deg. 32 min. South, the Sun’s Declination 2 3 deg. 
30 min.South, and his Altitude49 deg. 40 min. to:find his Azimuth 
from the South, 


In the Triangle DP Z, P muft reprefent the South Pole; then there 
is. given “PZ 38° 28’, the Compl. of the Latit. DZ 40° 20, the 
Compl. of the Altitude; P D 66° 30!, the Comp]. of the Decli- 
‘nation, or'the Sun’s Diftance from the elevated (or South) Pole; to 
find PZ D, the Sun’s Azimuth from the South, 

Plate 3. Fig.18. 


The Operation is the fame with the firft Example ; only as the Azj- 
muth there was accounted fromthe North, this tinds it from the South 
part of the Horizon, which is 119 deg. 28 min. 


Example 4, 


In the. Lat:..51.deg. 32 min. South, the Sun’s Declination is 15 deg. 
16 min. North, and his Altitude 19 deg. 37 min. to find his z3- 
muth from the South. 7 | 

Plate 4. Fig. 19. 


In the Triangle .D.PZ, P reprefents the South Pole, as in the 
former Example. 


Then 


The Dadctine of the Sphere. 


Then there is given PZ 38° 28’, DZ 70% 23', PD 105° 16!, 
and D ZP requiied. | 


The Operation is the fame with the fecond Exawsple, only the Azi- 
muth found is to be accounted from the South, which will be found 
153 deg. 58 min. 


{roblem XIV. 


The Latitude of the Place, the Sun’s Declination and Altitude being 
given, to find the Hour of the Day. 


Example 1. 


In the Latitude s1deg. 32 min. North, the Sun’s Declination 
is 23 deg. 30 min. North, and his Altitude 49 deg. 40 min. to find 
the Hour from/Noon. 

In the Triangle DP Z, there is given P Z 38deg. 28 min. DZ 
4odeg. 20min. DP 66deg. 30min. and D P Z the Hour from 
Noon required. 

Plate 3. Fig. 18. 


The Operation. 
The f DP 66°30! Sine Co. Ar. 0.03760 
Legs? PZ 38 28 Sine Co. Ar. 0.20617 
The Bale Z 40 20 4Sum 72°39! Sine Log, 9.97978 
Sum 145 18 Rem. 32 13 Sine 9.72683 
+Sum 72 39° ont eo SUM F9.95038 
Rem. 32. 13°Sc.° ¥9 11 +, Sum 9.97519 


The Double of 19 deg. r1 min. is 38 deg. 22 min. which being 
reduced into Time, gives 2 hours 33 min. from Noon; fo that the 
hour of the Day is either 2 hours 33 min. Afternoon, or 9 hours 27 
min. before Noon. 


E Kawmipl . 


The Dorteine of the Sphere. 


Example 2, 


In the Latitude 51deg. 32 min. North, the Sun?s Declination 
1§deg. 16 min. South, and his Altitude 19 deg. 37 min. to find the 
Hour P.M. or Afternoon. 


Inthe TriangleD PZ, there is given the three Sides, PZ 38° 29/, 
DZ 70° 23', PD 105° 16', and DP Zrequired. 
Plate 4, Fig, 19, 
The Operation. 


The f PD 105°16! Sine Co. Ar. 9.01566 
Legs) PZ . 38 28 Sine Co. Ar. 0.20617 
The Bale DZ 70 23 4 Sum 107° 03! Log. 9.98048 
, 214 07 Rem. 36 40 9.977600 

107 03 a 


ST re 


36 40 Se. a2 44. 


Which doubled, produces 25 deg. 28 min. and that reduced into 
Time, makes 1 hour 42 min. fere. 


Jablem XV. 


The Latitude of a Place, the Sun’s Declination, and the Hour of the 
Day given, to find the Sun’s Altitude. 


Example. 


IntheLat. §1deg. 32 min. North, the Sun’s Declination is 23 deg, 
30min. North, theHour, 1 hour 53 min. Afternoon. 
To findthe Sun’s Altitude, 


t Hour 53 myinutes reduced, make 28 deg. 15 min 


Che Dactrine of the Sphere. rt 
In the Triangle D PZ, there is given the two Sides, PZ 38 deg, 
28 min, DP 66 deg. 30 min. and the contained Angle DPZ 28 deg. 
15 min, and the third Side D Z required. | 
Plate 3. Fig. 18. 


J he Oper ation. 


As Radius-———~-—-—— 


OD penn 


To f DPZ 28°15! the contained Angle ——-—— 9.94402 


Soist. PZ 38 28 the leffer Side _———- 9.90009 
To t.——34.59 afourth Arch —.—_—--—— £9.84501 
From the other Side PD = 66° 30! 
Subtract the fourth Arch 34 59 
The Rem.is the Reftdual Arch 31 31 
: oe Co. Ar. 
As fc. ——— 34°59! the fourth Arch : 0.08655 
To fe ————— 31 31 the Refidual Arch —= 9.93069 


Bovis fe. PZ 38 2% the leffex Side ——= 9.89374 


mmm F919 1098 


To f. DZ... 3§ 27. the Side fought 
-- Whole Compl. § 4.deg, 33 mii. is the Altitude required. 


jowhlem XVI. 


The Latitude of a Place, the Sun’s Declination, and the Hour given, 
to find the Sun’s Azsmath. 


Example. | 
In the Latitude 51 deg. 32min. North, the Sun’s Declination is 
15 deg. 16 min. South, and the Hour, 10 hour 18 min. in the 


Morning; to find the Sun’s Azzmuth. 


The Time from Noon is 1 hour 42 min. 
Which reduced, is 25 deg. 30 min. 


P 2 


112 | Che Doctrine of the Sphere, 


In the Triangle DPZ, there is given the two Sides PZ 38 deg: 
28 min, P D 105 deg. 16 min. ‘and the contained Angle D PZ 25 deg. 
30 min. to find one of the oppofite Angles, viz. P ZD, ‘ 


Plate 4. Fig. 19. 
The Operation. 


PD 105° 164 
PZ 38 28 


Sum 143 44 2Sum 71°52" 7 DP Z 25°30! 
Dif. 66 48 2 Diff. 33 24 Sthe half 12 45 


Co. Ar. 

As f. 2 Zc. DP att? Z. 71° 52! 0.02212 
Tof 2Xat—— a BZ 24 ———— 9.74074 
So is t. 2 DPZ—— —~12 45 —— 10.64.536 


EE socueng 


Tot. -K{WPDZ andPZD 68 39 ——-10,40822 


Co. Ar.. 
Asf.2.Zcr*% DP and PZ——— 71° 52! ——-——_ 0.50692 
Tofc. £ cr. 33-24. + --———. 9.92161 
So is tc. . DP Z———-.-—=. 12 45 ———-——- 10.64536 


ena 


Tot. ZMWVPD Zand PZD 85 10 —~—- 11,07389 


xSVV 85° 10! 
ZXW 68 39 


| ee 


Sum 153 49 DZP required. 


Which is the Sun’s Azimuth from the North.. 


}O20blem XVII. 


The Latitude of a Place, the Sun’s Altitude ‘and. Azimuth given, 
to find the Hour. Pars 


Example 


The Oucrine of the Sphere. 113 
Exainple. : 


fn. the Latitude 51deg. 32 min. the Sun’s Altitude49 deg. 40 min. 
his Azimuth 119 deg. 44min. from the North; to find the Hour 
Afternoon. : 

In the Triangle DPZ, there is given the two Sides DZ 40 deg 


oo min. PZ 38 deg. 28 min. and the contained Angle D LP, 
219 deg. 44 min. and the oppofite Angle DP Z required. , 


Plate 3. Fig. 18s. 
The. Operation. | : 


DZ 40° 20! 
PZ 33 28 ay, 
Sum: 78 48° Sum 39° 24! ag 119° 44!" 
Dif. o1 52 + Diff. 00 56 Sthehalf 59 52 
| te Co. Ar, 
Ast, 2Zc*. DZand PZ 39° 2.4! me 0.19745 
To f. £X cr’. 00 §6 ome §,21189 
Sois te. ¢DZP ——— ang 52 9:79377 


Tot. 2XWPDZ.andDPZ oo -5§1- 


——— €8.17307 


Co. Ar. - 


Aste: 2.Zcr*, D Zand P Z 
Vor.2.X% co. 
Soistc DZP 


39° 24! ——~--— 0, 11197 
00 §6 ——~——-———- 9.99994 
oe 976377 


¥oq,2'Z vv P DZandDPZ36 §4— —— 19.87568: 


4,7, VV. 36° sa! 
XXW 00 §1 


Sum 37 45 DP Zrequifed. 


Note, DPZ is the greater Angle, becaufe oppofite to the greater 
SideD Zs 37 deg. 45 min. ‘reduced, makes the Time 2 hours 31 min. 
Afternoon. | 


{D2oblen. 
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Che Dactrine of che Sphere. 
jPoblett? XVIII. 


The Latitude and Longitude of a fixed Star being given, to find the 
Right Afcenfion and Declination, : | 


| Example. 


The Lonsitude of Caftor is 15 deg, 33 min, of Canter, and’ his 
Latitude ro deg. 02 min, North; to find’ his Righe Afcenfien and - 
Declination. 


In the Oblique Triangle DIP, there is given the two Sides, IP 
23 deg. 30min. the Diftance between the Pole .of the Equinottial and 
the Pole of the Ecliptick ; 1D 79 deg. §8 min. , the Completnent of 
the Latitude; and the contained Angle DIP r5 deg. 33 miv. the 
Longitude from Cancer : To find one of thedppotite AnglesD PI, the 
Complement to 180 deg. of the Right Afcenfion from Cancer; and 
the third Side 19 P, the Complement of Declination. 


‘ Plate 4. Fig. 20% 


: T he Operation. 


For the Right-Afcenfion. - 
ID -79° 58! 
I-P---23--30 
Sum 103 28 2Sum 51°44’) DIP 15°33! 
Dif. 58 28 tRem. 28 aS ees 46 
2 . Co. Ar, 
Asf{, + Z cx. FD and EP —Jl 44! —-- O.10505 
Toft, 2 X cr*, —-—— ———- 28 14. —— 9.67492 
So is te. DLP ——- —— 07 46 —— 10.8652 1 


Tot 2X W DPI andIDP 77 14————_10.64518 


_ AS 


J 
is Co. Ar. 
AS {c. iZ rae | D and IP —— 51° 44! tes 0.20808 

To fe, £X ar. ———-—— 28.14 ——--——. 9.94499 
So is te. $ DIP ———-——- —--— 07 46 ———— — 1086521 


Se eee 


To t2Z2W DPI and IDP 84 31 s-22_ + '41,01828. 


2 ZVV 84° 31! 
2ZVV 97 14 


Sum 161 45 DPI. 


Whofe Compl. to 180 deg. is 18 deg. 15 min, the Right Afcenfion 
from Cancer, the Right Afcenfion of Cancer is 90 deg. and therefore 
the Right Afcenfion from Aries ts 108 deg. 15 min. 


Fox the Declination. 


Co. Ar. 

Asf. DP If 161° 45’ the Compl. of the Right Afcen. 0.50423 

Toft. DI 79 58 the Compl. of Latitude 9.99331 

Soisf.DIP 15 33. the Longitude trona Cancer: 9.42826 

TofDP = §7 28 theCompl. of the Declination 19.92 580 
Whofe Compl. 32° 32! is the Declination Northerly. 


Problem XTX. 


The Right Afcenfion and Declination of a fixed Star being given. 
_ to find the Longitude and Latitude thereof. 


Example. 


The Right Alcenfion of Caffor is 108° .15', and his Declination - 
° 32! North ; to find his Longitude and Latitude. 3 

In the Triangle 1D P, there is given the two Sides, IP 23 deg. 
30 min. PD 57 deg. 23 min. and the contained Anzle DPI, 161 deg- 


t 
z 


a5 min. to find the oppolite Angle D 1 P, and the third Side DI. 


32 
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Che Dactrine of the Sphere. fae 


The Dotrine of the Sphere. " 


The Oper ation: 
To find the Longitude. 


PD 57° 28! 
ALEC 33" 20 


Sum 80 58 +Sum 4o°29/2DPI 161° 45! 
Diff. 33 58 + Diff. 16 59 3 DPI80 52. 


7 | | Co. Ar. 
As {+ Z cr. P D and IP —— 40° 29/— Tat a payee ZeO 
Tot. =X a*, ————--—-=16 §9 ~--——- -_ 9, 46552 


So is tc. D PI ———_--—--—-80 52 ———9.20621 


Tot, 2X WDIP and IPD og 08 —~—-18.85933 


3 Co. Ar. 
As fe. 2 Z at. P Dand LP ————-40° 29! ——--———_—0, 11885 


To fc. £X crt. — AIG 59 Sera Ones 
So is tc. 2. DP I-——~-» BONG ge 9.20625 
Tot. =ZWVDIPandIDP a 2§ =~. 7930569. 
ZW. ax yen! 
KW 04 08 


Sum 45 33D I P the Longitude from Gancer. 


To find the Latitude. 


| . . Co. Ar. 
As {, DIP --——— 15°33! the Longitude from Cancer, 0.57174. 


ToL DP ———- 57 28 the Compl. of Declination, 9.92587 | 
So isf. DPI 165 45 the Compl.ofthe Right Afcen.9.49577 | 


To f DI 


te ee ee 


80 o1 the Compl.of the Latitude 79.99338, 


Problem 


‘ Se TO RE EIT 


"Che Doctrine ofthe Sphere 
Problem XX. 


117 


The Diftance of a Planet, Comer, or New-Star, from two known 
fixed Stars being. given, to find the unknown Star’s Longitude and 


Latitude. 
Example. 


The unknown Star's Diftance from the Swans Beak is 49 deg. 
os min. and from Perfeus's Side 88 deg. §7 min. to find the Longi- 
tude and Latitude therecf, 


Of the Swan’s Beak, vp 26°39! Q 49° 02! N. 
Long. 4 Of Per feus’s Side, ow 27 12 Lat. 30 05 N, 


1. In the Triangle A DI, there is given two Sides, AI 40° 58! 
- the Compl. Lar. of the Swan’s Beak, DI.§9° 55’, the Compl. Lat. of 
Perfeus’s Side, the contained Angle AI D> 120° 33’, the Difference of 
Longitude between the two Stars 3 and the Angle D AT, and the Side 
A.D required. i 

: Plate 4. Fig. 21. 


The Operation. 
514 Co. Ar. 
Asf{ ~Zc*. Aland DI —~ SO? 26! mnt mmm, FZ OF 
To f. 2Xa*; ——— OQ 2G mar err 9,21 610 
So is te. ALD meee 0 16 en 9.75696 


Gu 


Tot. X WDAT and ADI 06 56 79.08 587 


| Co. Ar. 

Asfe. 2 Zr. Al and DI ———go® 26! ———--—---—0 19588 
Toft. 2X cr. — —=09:. 28 ——camemee 9.99404. 
So is tc. 2AID ———-—~—=— 60 16: 9.75696 


owe Sama 


To t: 2ZPVDAT and ADI 41 29a 9,94668 
The Angle DALis 48° 25, 


Q 


Sea DSS LSE ae — 
9 NI = 


Sa i is SO el 


ee ee ae 


TO swe 


or son per nawaneprnmanes 


18 he Decrine of che Sphere. 


Tof, Dl~—-——— 59 55 ---— 
So ist. ALD 120. 330 ee 


Co.. Ar.. 

0.12610 
9.93716 

To ems LO 


ee ncn 


Toi AD— — 85 02 ma 29.9983 6 


2. In the Triangle AD B, there is given the three Sides, AD 85° 
02!', the Diftance’ between the two Known Stars, AB 49° 05’, the 
unknown Sfai’s Diftance from the Swan's-Beak, BD 88° 574, the 
Diftance from Perfens’s Side, and the Angle D A B required. 


Plate 4. Fig. 21, 

The Operation. 
AD $5° 02! Sine Co. Ar. 0.00163 
AB———-"49 05 = Sine Co. Ar. 0112167 
BD————._ 88°57. Sum 111°32! Sine 9.96858 


Sum 223:04. Rem. 22.35. Sine 9.58436 
2 Sum lll 33 o- wm——Sum 9.67624 


Rem. ———~ 22 35 Sc. 46 28 %Sum 9.83812 


Which being doubled, makes 92°'36', the Angle D A B requiged. 
Which being added to the Angle DAI, the Sum is BAl 
t4? 21'. 


3. In the Triangle AB I,°there is given the two Sides, AI 40° 
58/, AB 49°05/, the. contained Angle BAI, 141° 21’, and the 
‘Angle ATB, the Difference of Longitude between the unknown Star, 
and the Swans Beaks and the SideBJ, theCompl. of the unknown 
Star's Latitude, required. 

Plate 4. Fig, 21. 
7 be Operation. 

Co. Ar, 

B59 OT! mettre ———= 015.039 
—————— _ 9.84897 
ROE Tae eet 45S 


Asf..Zcr*, Aland AB 
Toft. 2 X cr,———-——-— 04 03 


So ist. 2B A Ti 7? 


Le ee a te 


Tot. <4 VV ABland AIB 02 00 rns eon 9454.44.98 
As 


Sree ee ERIS TT 


The Dacrine of the Sphere. 119 


Co» Ar. 

Asfe. + Ze. A Vand AB 459 O40 nam etn p06 4 
Toles) het. 04, OF ———-—- Hg 99851 
ist, BA a 9 40 2 


SRO emer ate ener 


To £; ae L Ag A BI and A I B26 20 = ——79.69467 


The Angle A 1 Bis 28° 20’, which added to the Longitude of the 
Sman's Beak, vp 26°39', makes the unknown Star’s Longitude to be 
Y Zu 99" 

Co. Ar. 


BOP 20) neces 0.32367 


AsfA 1B——_—__--—_ 
To f.A B—-—-———49 05 —~-—-——_--——-. 9.87832 
SoisiiB A I— 


U4 T 21 meres 9.79557 


To £ BI $3 $7 4.99757 


Whofe Compl. to 90°, that is 6° 03’, is the unknown Star's La 


titude Northerly. 


{D20blert, XT. 


The Meridian Altitude of an unknown Star or Planet, and the Die 
fiance from a known fixed Star being givens to tind the unknown 
Star's Latitude and Longitude. ee 


Example. 


In the Latitude 51° 32’ North, the Meridian Altitude of an une 
known Star is 30° 36’, and his Diftance from the Star in Cepheus’s 
Girdle is 84° 32! 5, to find his Longitude and Latitude. 

The Meridian Altitude. of the Stax. being, given, his Declination is 
alfo given, : i 

For the Meridian Altitude fabtracted from the Complement of the 
Latitude 38 deg. 28 min, there remains 7 deg, .¢2 min. the Decli- 

* mation South. A pn" 


|. Fir, Therefore in the Triangle AO B, there is given. the three 
Sides, OP zodeg, 52 min. thg known Star’s Diftauce frora the Morth 
Qe Poe, 


TLE ER A I TL ES TT 


REESE mse. 


2 STs — 


ve = 


120 The Dactrine of the Sphere. 
Pole, AP 97 deg. 52min. the unknown Star’s Diftance therefrom, 
AO 84deg. 32min. the Diftance between the two Stars, and the 
Angle APO required, being the Difference of Right-Afcenfior: be- 
tween the two. Stars. 

Plate §. Fig. 22 


The Operatson. 


OP 20°52! Sine -———--——— Co. Ar. 0.44831 
AP 97 52 Sine ———--——--—— Co. Ar. 0.00411 
Edie MOL 30 -Slier 9.99098 
Rem 6 17.00 Sine —. 9.46841 


os 


Sum 19.9118% 


ama oe 


Sc. 25 23 me SUM 9.95590 
Which doubled is 50 deg. 46 min. the Angle A P O. 


The Right A(cenfion of Cepbews’s Girdle is 321 deg. 62 min. to 
which adding 50 deg. 46 min. (the unknown Star being to the Eaft- 
ward of the known Star) produceth the Right-A(cenfion of the un- 
known Star 11 deg. 43 min. 

Secondly, Then having the unknown Star's Right-Afcenfion and De- 
clination, you may find his Longitude and Latitude by Problem 19. 


Problem. XXII. 


Having the Latitude of the Place, the Sun’s Right-Afcenfion, and 
the Altitude of a known fixed Star; to find the Hour of the Night. 


Example. 


{n the Latitude 51deg. 32 min. the Sun’s Right-Afcenfion being 
228 deg. 45 min. and the Altitude of Aldebran 38 deg. 58 min. to 
the Eaftwardof the Meridian, ;, to. find the Hour of the Night. 

The Right Afcenfion of Aldebran is 64 deg, 10 min. and his De- 
clination 15 deg. 46 min. 

In the Triangle A PZ, there is given the three Sides, PZ 38° 
23’, the Compl, of the Latitude 3 AZ §1.deg, 02 min, the Compl. 
of the Star’s Altitude; AP 74 deg. 14min. the Compl. of his 

| i Decli- 


oe 7 ri a> 


NO RITE ID ALI ITT 


Plate i : 
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| 
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Khe Doctrine of the Sphere. 
Declination; to find the Angle AP Z, the Difference of Right Afcen- 
fion between the Aedinm Cals and Aldebran. 

Plate 5. Fig. 23. 
The Operation, 


AP Sine 74° 14'—— ~ oe 
PZ Sine 338 26°———-- —__ 


Co. Ar. 0.01666 
—-Co. Ar. 0.20617 


4 Sum, Sine 81 52. ————-—__—___.. ——9. 99561 
Rem. Sine 30 50 ———~-————__.___. —— 9.70973 


Sum, 19.92917 


7 Se 22 §Q a —__— 
Which doubled, produces 45 deg. 58 min. 


This fubtracted from the Right Afcenfion of Aldebran, leaves 13° 
¥2!, the Right Afcenfion of the Afid-Heaven. Add 360 deg. to 18 deg. 
12 min. and from the.Sum fubtra& the Sun’s Right-Afcen, 228 deg. 
45 min. the Remainder 149 deg. 27min, reduced into Time, makes 
9 hours 57 min. 48 feconds, the Hour of the Night fought. 


Problem. XXIII. 


Two,unequal Altitudes of the Sun taken in one Day, with the Time 
between the Obfervations, and the Sun’s Declination being given ; 
to find the Latitude of the Place of Obfervation, 


Example. | 


The two Altitudes are 43 deg. 06 min. and 6 deg. 34 min. the Time 
between the Obfervations is 2 hours, and- the Sun’s Detlination 20° 14! 
North 3 to find the Latitude of the Place Northerly. : 


In the Right-angled Triangle. A-BP, there is given the Flypotenufe 
AP 69° 46', the Complement of the Declination, the Angle APB 


15°, half the Time between the Obfervations, and ‘the oppofite Leg 
A B required. 


Plate 5. Fig. 24. 
The 
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4Sumy 9.96408 


TT aero mi 
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The Dortrine of the Sphere, 
The Oper ation. 


As Radius Om a ai manda seman) V8): PEs Cok wot oY 


ToL APB 15°00’ STI Te See vere sry a, neon 9.41300 
Soisf AP 69 46 ——-———-—— —____.— 9.07234. 


ay SN, 


Tof, A Bo 14. 03 mem a ee 19,385 54 


Which being doubled, gives AE 28.deg,06 min. 

Secondly, In the Oblique-angled Triangle A PE, there is given 
the two Sides'\A E 28 deg. 06 mine EP 6g dee. 46 min. the oppo- 
fite Angle A P E-30 deg. 00 min. and the other oppofite Angle E a P 
required. mln | 
; Plate 5° Fig. 24, 
The Oper atiow. : 


Co. Ar, 


Ks. AEE 28° Gok pikes gh i athe atin ll 0.32697 


Tof, APE 30 co a ont SnDaa Shin oot P Re 


SoisfiEP~ 69 46 ee Te a ee) Re 


Ea ey ey 


ToCEAD 84 54 sites ae 


Thirdly ; In the Oblique-angled Triang’ A ZE, there is ‘given the 
three Sides, A Z 33 deg. 26 mim. the Compl. of the greater Altitude, 
EZ 46 deg. 54 min. theGompl. of the lefler, A E28 deg. 06 min. 
andthe Angle E A Z required, 

Plate 5. Fig.24. 
The Operation. 


AZ, . Sine 33°261 mee Co. Ar. 0.25888 
AE. © Sine 28:06 ames Co. Ar. 0:3 2699 
~ Sum, Sine §4 13 —--———_____— Log. 9.90915 
Boemis.) Sums Of 1g) eect ene ——9, 10501 


OBE eine 


Sum, 19.600e1 


Sc. 50 52 + um, 9. 8oaeo 
Which doubled, ‘produces EA Z ror? 44!: from which fubtraG@e 
ing EA P 34°54!, there remains P A Z16° 50/. 


Fonrthly » 


aes 


SES i . 
a ED = ENS TY aN 


Che Doctrine of the Sphere, 123 
Fourthly; In the Oblique-angled Triangle AP'Z, there is piven th 
two Sides AP 69 deg. 46 mm. A Z 33 deg. 26 oh, the tenia 
Angle P AZ 16° §0' 5 and the third Side PZ required. 
Plate 5. Fig. 24, 


The Operation, 


As Radius pete! wes worscg, Seay reer cc a a 10.00006 
So is t. AZ- 3 | pauls 


2.0 ems nnn gains 9,8 1968 


Sees 
RED 


‘ Bo bck 
Tot, of afourth Arch 32° Py So 4980066 - 


: Co. Ar. 

As fc. of the 4th Arch— 32% po? ne 0.07293 
To fe. of the Refidual 37 2D ee a net ms 8°9§6 
So's fc. A Z——--——» 33. 26 ———. 9.92144. 3 


To fe, PZ———. 38 96 ee B00 
Witole Compl. 51 34 isthe Latitude Northerly, 


Jwoblem XXIV. . | 
Fwounequal Altitudes of the Sun, and the Difference of their Core 


| refpondent Azimuths taken in one Day; and the San’s Declination being. 
| givens to find the Latitude‘of the Place of Obferyation.. 


Bi fee Ba os Pg alge S | Lae ; 

The firft Altitude is 43 deg. 6 min. and the. fecond Altitude 56 deg: 
3¢mine the Difference Of dzimuths 39 dég. 16 mins and the Sun’s Le- 
chnation is 20deg. 14 min. North > To find the Latitude of the Place 
Northerly. pe 


Firft; In the Oblique-angled Triangle A EZ, there is given’ the 
two sy eet iad ee 46° 54’, the contained Angle A ZE 
39 40, the Wilicrence of the Azimaths;, andthe Angle E AZ. .a1 
third Side A E required. _ mente 

Plate 5. Fig. 24. 
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124 
3 . The Operation: 
AsfitZcr*.. A Zand £Z— 


To f. £ X Ch*, et —— = 06 
So istc. 1A ZE ———- 19 


Tot. EXWEAZ and AEZ 27 
“Asfe.2 Zer*, A Zand E Z— 


Toic. + X cr’. 06 
Soistce + AZE su 19 


Tor 2 ZWEAZ and AEZ 74 


40 


ewer 


40° 


en ee SS 


The Dortrine of the Sphere. 


Co. Ar. 
16) 0.19043 
AA So Per 9 OORT 
38 —---—— 10.44765 


ee 


20. “Fa FN IOIES 


: Co. Ar. 
FO ae O16, 
44 —— 9.99699 

10.44765 


38. —— 


39 ——10.56145 


The Angle E A Z is 101° 397. 


“yO 


Les Co. Ar. 
Asf.£ A Z——- 101° 39'——--—. 6.00904 
Ole, Ee Secreta ao 40 54 ——~—— 9.86342 
So is f. A ZE——-——--——— ——-. 39. 16 ——-——._ 9,80136 
TofAE— 28 ——- ——- 9.67382 


stores aan og 

Secondly; In the Right-angled Triangle AB P, there is given the 
Fypotenufe AP 69 deg. 46min. the Leg AB 14 deg, o4 min. the 
half of AE, and the adjacent Angle B A P required. 


Plates, Fi . 24, 
‘The Operation. ath 


As Radius Se Re ns Ss en © ps etme FO,00000 
Dudio 


Totc. A P 69° PY Ap ae Scan jaa che 9.56654 
Soist,. AB 14 04 ——~————. -+—- --___. 9.39892 


From the Angle EAZ 101deg. 39 min. fubtra@ the Angle E AP 
34 deg. 42 min. there remains the Angle P A Z 16 deg. 57 main. 


Thirdly , \n the Oblique-angled Triangle P A Z, there is given the 
two Sides A P 69° 46’, AZ 33°26!', the contained Angle P AZ 16% 
57/5 and the third Side P Z required. 

Plate 5. Fig. 24. 
The 
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The Detrine of the Sanh 


| The Operation. 


| As Radius a ee Lr, 1000000 
a ey ee ee 
Tof.PAZ en 9.98071 


So Vaan aee ats 33 “ae en 9.931968 


Tot. of a fourth Arch——--——- 32 16 —~--—= %9,80039 

| Co. Ar. 

As {c. of the fourth Archi 39° $6! ——— nen —— 0,07 28 § 

To fc. of the Refidual 37 30———— 9.39947 

So is fc. A Z. —————s 32 26 9.92144 

Tof.PZ wo ce 3B 2G: x 89376 

Whofe Compl. 51 32 is the Latitude North. 

SPAT a: 


Containing the general Aftronomical Theories. 
The Ptolomaick S Spttem. 


beg ty E Ptolomaick, Sy/tem is that which-was b by Ptolomy invented, and 
fuppofeth the Earth to be fixed asthe Center of the World, and 
that ali <a Celeftial Bodies move round the fame in their Diurnal and 
Annual Revolutions, 

The World is fuppofed to be divided pedis into two Parts, 
Elementary and Celeftial. 

The Elementary admits of four Diviions, 

The firft isthe Earth. | 

The fecond is the Water: both which make One intire Body ox 
Globe, whereon we dwell. 3 raey. 

The third is the Air, encompatiing the Bch th. 

And, the fourth is Fire, which according to the Opinion of antient 
Philofophers, is contained in that fpace’ between the 4ir and the Sphere 
of the Moon ; as you may fein the following Figure. 
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The Planetary Spticme. 
The Figure of the Ptalamaick Sprtem. 
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Thefe four Elements are fubject to a continual Change and Alteration 
One into another, according to the Proverb, 


SS meme 
ee 


Omnia Sublunaria mutabilia, 


| of Tycho Brake, in 25400 Years. 


Pa a 
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Che Planetary Syitems, 127 


The Celeftial Part is that. which is without thefe Elementary Parts, 


void of all Changes, and is by the antient Aftrowomers divided into ten 
Parts or Heavens. | 


The firft of which, next to the Region of Fire, is the Heaven or 


Orb of the AZvon, 


The fecond of Mercury. 

The third of Venus, 

‘The fourth of the Suz, 

The fifth of AZars. 

The fixth of Pupiter. 

The feventh of Saturn. 

The eighth of the Fixed Stars. 

The ninth is called the Chriftaline Heaven: 
The tenth the Primum Mobile. 


The Magnitude of thefe Heavens is known by their Courfes, which 


thofe great Bodies within them make round the Poles of the Zodiack. . 


The Afoon runneth through the Heavens, by her own natural Courfe; 


| from Weft to Eat, in27 Days, $ Hours. 


Mercury in 88 Days. 

Venmin 225 Days. 

And the Suz in aYear. 

Mars in, two Years, 

Fupiter itn, Years. 

Saturn in 30Years. 

The Eighth Heaven perfects its Courle, according to the Affirmation 


Thefe Heavens are turned about upon the Axi of the World by the 


tenth Heaven, which is the Primum Mobile, or Firft Mover; by which 
Motion is caufed Day and Night, \and the daily rifing and. fetting of the 
Heavenly Lights, ae 
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The Planetary Syttems, 


The Cychanean Spfiem. 
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_ “Phis: ypothefis: derives its Name from the Author thereof, Tycho 
Brabey.aNoblemanot Denmark, the molt famous Afronomical Obters 
vator in the World.in his Days, who by. his own Obfervations did reGi- 
fy the Places of moft of the Fixed Stars, which appeared:in that Horizon 
wherein he lived. This famous Man, according to-his prefent Appre. 
henfion, framed: this Hypothefis. of the Heavenly Motions, wherein he 
fuppofeth,. that # nus, lvercury, Mars, Fupter, Saturn-in their Motion, 
re{pect the Sun as their Center, and the Sanand Afoon the Earth. and 
that Saturn, in Oppofition to the San, is. nearer. to the Earth than 
| Venus. 
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The Manetary Syitems. 
Venus in Apogeon , and that Adars in Oppolition 
lf : : 


than the Suz it felf; as may appear in the faid Ayp 
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Che Conernican Spier. 


This Aypothefis was firt invented by Pythagorat, and revived by Co-. 
pernicus, afamous Aftronomer of Germany, who lived in the Year 1500, 


who fuppotes, | 
r/ Thag 
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130 Che Wlanetary Syitems. . 

I. That the Sun is placed in the midft of the World, is or about 
the Center of the Sphere of the fixed Stars, and hath no Circular 
Motion,, but Central only. 

_ 2. The primary Planets are each of them in their proper Syfiems 
moved aboutthe Sun, and accomplifh their Periodical Revolutions moft 
exactly in their determinate and appointed Times. 

3+ That the Earth is one of the Planets,. afd. with her annual Motion 
about the Sun, defcribgch-her Orb in the middlé between the Orbs of 
Mars and Venus. | 

4 That the fecondary Plancts are ordinarily moved about the primary 
Planets, re(pecting their Bodies for their common Nodes or Centers. 

5- That the fecondary Planet, the iMoon, is moved about the Earth 
as her Center 5 where, by reafon of the annual Motion of the Earth, 
ne hath not only Relation to the Earth, but by confequence to the Sun, 
as have the other Planets, 

6. hat as this primary Planet, the Earth, is environed with the 
Sphere of the Moon; fo are fome of the other Primary Planets, who 


} "1 t7 : ' >] S - ° . ° 
have in like manner their Moons or Concomitants encompafiing them. 


Ihe Motion of the Planetary § by deme 


Fir, The Sun hath only'a Rotation from Weft ot Eaft, upon his 


Own xv, in'the {pace of twenty fix days, or thereabouts. 


Secondly, The Planet Mercury performs his Revolution about the 
Sun in eighty cight days; which is noted in the Scheme with the Fi- 
gure iY. tar 
‘Thirdly, The Revolution of Venus in 225 days, noted by the Fi- 
gure 2.9. | 

Fourthly, The Revolution of the Earth with the Moon in one 
Year; noted by the Circle 3 ©. . 

Fifthly, The Revolation of AZzrs in two Years 5 noted by 4 3. 

Sixthly, The Revolution of Fupiter, with his four Companions, in 
12 Years ;. noted.with 5 x. | 

Seventhly, The Revolution of Saturn, with his Ring and Moon, in 
30 Years; noted- by 6 h. 

The 4, ee seed en y ; 

The Moon cicumvolveth the Earth every, Month; ‘Sfupiter’s four 
Attendants him, in time correfponding their Diftances from him, 


The 
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The firft and next him, inone day 18 hours. 

The fecond next without that, in 3 days 13 hours, 

The third in 7 days 4 hours. 

‘And the fourth and outmoft, in 16 days 8 hours. . | 

Saturn’s Moon moves about him in 16 days; and all from Weft to 
Eaft, according to their Revolutions about the Sun. 

Saturn, Jupiter, Mars, the Earth, Vi enus, and Mercury ( whole 
Revolutions refpeét the Sun on) ly) are called ae “y Planets. 

The reft’ (that move again) about Saturi, a api tex, and the Earth, 
Secondary Planets. 

The Earth hath a Revolution u upon her Equinoétial Poles in.24 hours, 
from Weft to Ezft. 

“The Secondary Planets areall of them much Jefs in Magnitude thah 
heir Primary; and all the Planets together much lefs than the Suz, 
from whom they all receive their Light, Mists and: principal Power 
of Motion. 

Far without the Planetary Syffem are placed all the Fixed Stars, in 
feveral Diftances, but all unto us incommenturable: The Parallax “of 
the Earth’s Orb being infenfible in any of. their Places. 


1] 


A Defcription of the Golden Number, Cycle of the Sun, 
Roman Indi€ttion, Epact, and Leap Year. 


ee) 


HE Golden ee ery Ot Prime, is a Circular Revo lution. of 1.9-Years, 
in which Term of PE it hath been antiently fuppofed, that the 
Sun and Moon do make all the variety of Afpects one to anothey. 


x 


The Cycle of des e ee its Revolution in.28 Years, becaufle im 


.7 
. Y 


that time all the Va: ef of the Dominical Letters and ae Years are 
expired, and the 29th Year the Cycle doth begin again ; ‘which Number 
is to find out the Daomiical Letter for any Year pall, prefent, ox tocome. 

The Roman Indittun confilicth of 15 Years, and is fet down in the 
Charters and Writings of the Pr étentkaries of the Pope of Rome 3: for 
once in 15, Years the Nations were to pay Tribute to the Romans. 


The Epo aét is a Number. never, excceding 30° days , it is the} 1a days: 


and fix hours, which added to tiie Lie Year, being 3354 days, do 
make it equal to ne Solar Year, whichis 365 days. 

The Leap -Year is eve ery fourth Year, which hath one, Day more inie 
thana common Year; this Day. is‘made up in four Years, by the odd 


Ne a Rinse De A AMG clin tye lene fo AY dina AUDIT ULL EN aes 


The Planetary Sveiems: 131 


fix 


ara | mine com nee are 


el aed Oemotial Gertes. “- 
fix hours that are overand above 365 Days, which Day is added after 
the 24th of February: fo that in the Leap-Year February hath twenty 
nine Days. And here note, that the Prime and Dominical Letter, and 


the Cycle of the Sun, change the firft of January, and the Epa the 
firlt of Adarch and the Reman Indition the firft of September. 


econ anemhe 


Memorial Verfes on the Ecclefiaftical and (ivil 
Kalendar, &c. By Mr. T.S. 


| €o know tf it be Leap-Vear. 


Divide the Year by 43 What’s left {hall be, 
For LeapYear.o, for pafty 15 2, or 3. 


Ere. you may omit the Hundreds of the Year of our Lord, and 
divide the Refidue by 4. 


For Example. 


Anno 16955: omitting the Hundreds, 1 divide the Refidue, which is 
95, by 4, and there remains 3, which fhews it is the 34 after Leap-Tear. 


Co find the Dominical Letter. 


Divide the Year its 4th, and 4by 75 
What's left, fubtratt from 7 5 the Letter’s given, 
Ai. B2.C 3D 4. E 5. F 6& G7. 


Example. 


Of the Year of Chrift L695 
The ath part (omitting Fraction) is 422 
To both which I add the Number 4 


The Sum is ; 2122 


Which 


Permoyial Cieries, eae 


Which divided by 7, there is left 1 5 which fubtracted from 7, there reits 
6; which fhews that the Dominical Letter for the Year 1695, is the 
6th in order of the A)phabet, that is F. 

But the Leap-Year hath two Dominical Letters; the latter found by 
this Rule, ferveth from St. Afatihias’s Day tothe Year’s.ends and for 
finding Eafter, the former (next following in order from A to G, and 
beginning again at A) ferveth from Mew-Years- Day unto St. Matthias, 


For the Golden Number, Cycle of the Sun, and Indiétion. 


When 1,9, 3, te th Year bath added been, 
Divide by 19, 285156 


Example. 


To 1695 Ladd 1, the Sam 1596 I divide by 19, and there remains 
§) which is the Golden Number for the Year 1695. 

Again, to 16951 add 9, and the Sum17oq I divide by 28, the 
Retidue 24 is the Cycle of the Sun Anno 1695. 

Lalily, to 1695 I add 3, the Sum 1698 divided by 15, the Re- 
mainder 3, which fhews it is the third Year of tne Indiction for the 
Year 1695. 


The Prime or Golden Number being given, to find 
the Epatt, — 


Divide by 3, for each one left add 10 ; 
gorvejett > she Prime makes Epatt then. 


Example. 
Anne 1695, the Golden Number 5 [ divide by 3, and there is lef 
2: therefore ten times 2, which is 20, added to 5, the Sum is25, 


the EpaQt for the Year 169. 
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Pemorial Geries. 


By the nineteen Epatts, to find the Day of Eafter-Limit, 
from the begmning of March inclufively. 


The Epatis take from 47 3 but two, 
The greateft take from77 5 twrll do. 


Example. 


Anno 1695, the Epact being 25, Ifubtract it from 47, and the Re- 
fidue 22 is Eafter- Liat; Anne-1695, that is, March 22, reckoned 
from the begining of A4arch inclufively. 

But when the Epact is 28 or 29, it muft be fubtracted from 745. 
that fo the Limit may remain.) And the next following Sunday after 
the Limit is always Ealter-Day. 


Eafter Limit, and the Dominical Letter ben 
To find Eafter-Day. 


9 o1ven - 
Lg given ; 


The Letter more by 4 from Limit take ; 
What's lefe from nearef? Sevens, {hail Eafter make. 


Ox thus; 


Take the Number of the given Letter more by 4 from the given 
Limit, and the Retidue from the neareft greater Sum of Sevens ; the 
laft Remainder added to the Limit; the Sum, or, its excefs above 31, 
is Eatter-Day, in A¢arch or April. 


Example. 


Anna 1695, the Dominical Letter is F, which is the fixth Letter in 
order, which more. by 4is 10, which taken from the Limic 22, the 
Refidue is 12 5 thts take from the neareft greater Sam of Sevens, whic 
is 14, and there remains 2, which being added to the Limit 22, the 
Sum 24, being the 24th of March, -is Eafter-Day 1695- 

| For 


Memorial Gerics. en i 
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For the Days of the Months on which the Sun 
entreth-the 12 Signs. 


Twice 9,¢wice 10, four 12's, 115 
Then 10, then 9, then 8, or 7. 
Anno 1700. © i# 
Ve We H. SS. Sl. HY, i, Te BA VF. : ave i Me 
Mar. Apr. May. Jun. July. Aug. Sep. OG. Nov. Dec. Jan; Feb. 
OQ. PE. FO. Moy BE.) ABE eet Bh Eb FO... De 3. 


For the Degree of the Sun’s Place on any Day. 


From the Day of the Month on which the Sun’s Place is required, 
if you may, or elfe from the Sum of that and 30, fubtracét the Day of 
his Entrance into the Sign of that Month, the Remainder fhall be the 
degree of his Place in'that or the next preceding Sign. 
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For the Age of the Moon, or Day of her (Change. 
Fanus Oy 2, 13 25 39 49 55 99 

8. 8, 10, 10, thefe to the Epatt fix : 

The Sum (bate 30) tothe Month-day add, 

Or take from 30, Age or Change is had. 


Or thus; Add to the Epac in 

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Od. Nov. Dec. 

@ 8 I Ba a ee Bah Be 10. te 

The Sum, if it be les than 30, or elfe the excels above 30, added 
to the Day of the given Month, (rejecting 30 if need be) gives the 
Age of the Moon that Day ; but fabtradted from 30, leaves the Day of 
the Change in or from the beginning of that Mouth. 

For the Day of the Full Moon, add or fubtract 15, to of from. the 


Day of the Change. : 
5 2) Example. 
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Wemoral Ceries, 


Example. 

1. For the Age-of the Moon, Azno 1695. Miy 29, the Number for 
the Month.3, added to the Epact25, makes 28 ; which added to 29, 
(rejeCting 30 from th: Sun) gives 27, the Age of che Moon re quired. 

2. For theDay of the Change (or New. Afoor) in May 1695, the 
Epact 25, wich the Month 3, makes 28 (as afore s) which tubtracted 
from 30, the Refidue 2. is the Day of the New-Moon in May 1695. 

3. Towhich if you add 1§, makes 47, the day of Full-Moon in 
May 1695. 


To find the Day of the New-Moon, and the Entrance o f 
the Sun into the Signs, for Time pajt, or to come. 


Paft, adds to-come, [ubtratt for Adoon and Sun: 
Or thus: 


For every 312 Years paft, add. 1 Day tothe Time of the Wew- Moon,. 
found above ; ‘for 312 Yearsto come,, fubtraé 1 Day. 

Likewile for 134 Yearspalt, aDay is tobe added to the former ac- 
count of the Sun's Entrance 5 and for r31 Years to come, fubtraGed, 


<a 


"To. find the Diftance of the Sun from the Nod:s of the 
Moon perpetwally in-all Lumations 5 Remember, 
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Year 17 hundred, Node, Sign 4, Degree 
27) 3, 8CO,. 43. 
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ts Take the Interval-besween the given Time,, and: 1700 complea 
in Years and Days, allowing 12 Mouths. to the Year, and 30 Days. to 
a Month 5 and the Account will {uffice for this Work, 

a: Multiply the ¥ears, of the Interval hy 43, and divide the Pro- 
duct by 800, the Refidue multiply by 9 3 then take the half of this 
Product, and diftuguith the latt Figurefrom the reli by a Point: So 

have 


i 
4 


have you the Degrees, and roth parts of a Degree, anfwerable to the 
Years of Interval. Alfo multiply the Days of the Interval by 43, and 
divide by 8-03 this Quoti ot. thews the degrees, and the Remainder 
divided by $0, the Loch part of a degree of the Motion for the days 
of the Interval. Then colle& the former and latter Degrees arid Tenths 
into one Sum, and reduce it into Signs, Degrees, and Tenths. 

3. For Time afore 1700 compleat, add the Siguc, Degrees and 
Tenths thus found, to 4',27°, 3 tenths : but for Time after 1709 
compleat, fubtract chem trom 4°, 27°, 3 tenths, and the Sum or Ree 
mainder fhall be for the Plice of 8, adding 1 degree for the tenths, if 
they exceed 5, elle rejecting them. 

Always in Additions omit Cycles (to wit, 12° or 360°) but in Sub- 


traGions add one Cycle, if need be, co the Number trom which you. 


are to fubtraét. 


Next by the common Rule for 1709, without any corretion for. 


time patt orto con’, find the S ga and Degree of the Sun’s Place, and 


fubtraG the lift found place of 6& from it; che Retidue is the Dittance. 


of © trom & sequired. 


The Limits of Eclipfes of the Sunand Moon, in De- 


grees from §2 or Us 
Within 16 the Sun, and 10 the Moon 
Suffer Ecli fe, above 18,12, none, 
Se a F< Bi RAScis fT RUA UIT Sauteed: EEA TT Ee aia seein 
To, find the Lengthof the Days and Nights m the- 
Latitude 52 deg. for ever. 


FOULS, Ea Vy 16-5 2, 6,35 © 
b3 253, 4 hours; aandhalf agree. 


To.the given Diliances of the Sun from the next Equinodtial Point, . 


the an(weiable hours are thefey to 19°, 1 hour; to 1 Sign, 2 hours> 


: Q 4 + r ry ~ a e a6 Ap i? b 
to 1 Sign 16°, 3 hours; to 2 Signs 6°, 4 hours, and to 3 Signs. 


4 hours and a halt; whicn hours added to 12, the Sum is trom the 
Vernal Equinox to the Autumnal, the juil length of the Day 3 but from 
the Autumnal to the Vernal, the length of the Night in thote diftances. 


And 
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138 WMemortal Clerfes. 


And for all other intermediate Diftances of © from the Equinogial 
Points,the Proportion is, As 15,16, or 20° to 60’ or as 20° to 30! : So 
are the Degrees of the Excefs of the intermediate Diflances above o° Pee 
1° 16°, or 2' 6°, and not exceeding 2* 26°, to the Minutes of the length 
of the Day or Night, above 12, 13, 14,15, 0r 16 hours, Always allowing 
4 Degrees or Days afore and after the logrefs into @ and V, for Solttice, 

The Length of the Day and Night taken together is 24: hours, from 
which if the one be fubtra¢ted, there will remain the other ; And, 
Sun-rifing. 


er ee 5 pee i 
Half the Length of ney Day, 7 the time of Suneiane: 
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To find the Hour of the Moon’s coming to South, and 
Figh-Water at London. 


The Moon’s Age multip'y by 4 5 Divide 
By 5 for Southing , add 3 for the Tide. 


— Bean c=> ~ 
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But when the Age of the Moon exceeds 15 days, you may rejeh 15 5 
As in. this Example. 

“Anna 1695, the Moon being 27 days old, ont of which reject 15, 
the Remainder is 12,. which being multiplied by 4 makes 48, which 
divided by 5, the Quotient is 9, and 3 in the Remainder: which 
fhews that the Moon cometh to South at 9 of the Clock, and three 
times 12 minutes paft, which is 36 minutes, (and here pate: stHat fee 
every Unit in the Remainder, you mult reckon {o many times 12/, 
which mutt be added to the hour found in the Quotient, asin the Ex- 
ample aforegoing:) to which I add 3 hours, and the Sum is 12 hours 
36 min. the time of full-Sea at Londgn, 

But it is here to be noted, that by manifeft Experience it is found, 
that when the Moon is in cither of the Quarters, that then the Tides 
do net hold out their ful] ame, but is Hiph-Water fooner than is 
found by the Rule; which may partly be occafioned by the Weaknefs 
of the Tide at fuch a time, and the Length of the River: For by the 
foregoing Rule you may find, that when the Moon is 7 daysold, the 
titne of High-Water will be at g of the Clock, when upon true Obfer- 
vation it would be found to be an hour fooner 5 and therefore to know 
the true Time of digh-Water, you muft fubtrag fome minutes from 
the time found by the precedent Rule, according to the Age of the 
Moon, as you may plaiq) y fee in the annexed Fable, 
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Ra Example. 

The Moon’s Age HM. The M on being 7 days old, itis high Tide 
rts 1629) ol 0! (by the Rule) at ae at 9 of the ere 
: a3 17.28 o} 5|_ then in this Table look for the Figure 7, which 

213 27 S| olro{ is in the firlt Column, and right againtt it in 

| the two Jalt Colamns, under the Title of 
lool Hour and Minute, you will find one Hour, 
which mult be fubtiacted from the Hour found 
by the Rute, and the Remainder is 8, the true 

Time of High-Wacer. 
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A Table fhewing the T1me of the Moon's coming to 
Soiith 5 any Day 0 tne Age 


Moons.) Moon’s |. The Ufe of the Table to find the Time ¢£ 
Ave | Southing. the Moon’s coming to South The firttand fe- 

; ——- ———~| cond Columns fhew the Days of the Moon’s 
O°} Age; in the third and fourth, the Hour and 


boo.) 
16 | 4 | Minute of the Moon’s coming to South 
17 | e509 
3 18 Pinsent Example. 
ee j - The Moon being ro da ys old,T would kn LOW 
a 44h at wnat Tisne a Mon will be South. | fad 
22 | 5: 364 10 under the Fitle a che Moon’s Age, in the 
as | Ba firft Colu mn, and right avainit it, in ihe th be 
7 12 and ue h Colunins, you have 8 hours oo! 
1K Pi ne which thewech that the Moon be ig 10 days 
bal g 48 old, cometh 70 vik of the Clo ock. and no 
Z| lise minutes 5 upto whic os if you: add the time of 
asl Te 24 flowing at Full ana Gli: nee t} ee will be 
ig te the time of Full-Sea at th Priel Place; As 
: | here ac Lon: Aon. the time of hoitaga y at Full and 
ike Eeae Change is a 3 of the Clock, whi ich ’OU are tO 
pets _,, Change is a : y 


add tu the Roo s Southing, and the Sum is 
tr. which is the time of High. WV/ater when 
the Moon is 10 days.old. 
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To find the Edour of the Night by the Shadow of the 
Moon upon a Sun-Dial, 


Fir, find her coming to South, as before s then fee how many hours 
and minutes :the fhadow wants of the hour of 12 ; which hours and 
miautes take from the hour and minuce of the Muon’s coming to 
South, and the Remaiader is the Hour of the N phts but if the thadow 
be palt the Hour of 12, then you mutt add fo many hours and minutes 
as the fhadow is paft12, to the hour and minute of - 


of the Moon’s’comi 
to South, and that will be the hour of ‘the Night DO ae 


Exanple. 


On the 5th of December 1695, I find the Moon to be ro days old 
and therefore fhe comes to the South juft at Sof the Clocks and fu IK 
pofe the fame Night you look upon a Sun-Dial, and fhould find the 
fhadow to fall upon half an hour paft 5, which is an hour and an half 
paft the Line of 12, which Hour and an half muft be added to 8 
the Moon’s Southing. thews it is half an hour patt 9 of the Clock. 

Again 5 fuppofe the fame Night the fhadow had fallen upon half an 
hour paft 13, which wants half an hour of 12, which is to be fubtracted 


from 8, the Moon’s Southing, and the Remainder will be half 
after 7 a the Clock, 8) ainder will be half an hour 


CHAP. IX. 


OF THE. 
MARINER’S-COMPASS. 


Of the Variation of the Compafs, and the probable 
Caufes thereof. Same Obfervations to find rhe 
Viviation, The Defcription and Ufe of the 
Azimuth C ompafs . Of the Univers. al ‘Ring- Dial, 


SECT: E 


Of the Original Difcovery and Invention of the Mari- 
ner’s Compals, and the Excellency thereof. 


HIS moft ofeful Inftrament, called the AZariner’s Compafe, 
is juttly ranked among the greatett Wonders that this World 
aftords, and deferves well to be underftocd by all that are 

B. Students and Practitioners in the Art of Navigation: for 
without the help thereot, ic were impoffible to trace out the unbeaten 
Pachs of the Ocean, for the procuring Trade and Traffick beyond the 
Seas to remote Parts of the World; whereby the glorious Gofpel hath 
been tranimitted into the mott dark Corners of the Earth. 

As to the original Inventor hereof, Modern Hittorians do fomewhat 
vary ; fome attribuce the Invention thereof to one Fob Goia (or Flavia 
T Goa, 


“SERNA 
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G sia, as others ftile him) of Av alpbot in pues in the Kingdom of. 
N aples, who only accommo dat ed the “ iperfictes thereof with 8 Poj ints, 
that is 4 Cardi and four Collateral; and fo left the Improvement 
Of this rileeete Qn ros be attempted = Polterity. Others do entitle the 
Invention thereof to the Peoy te of China. Dr. Gilbert in his Book 
De Magnete, afferts, Phat Paulus Venetus tranfported it firft into Italy, 
in he Year 1 260, having learned it from the Chinefes. And lium 
Vertomanus affirms, That when he was in the Eafi- Indies, about the 
Year 1500; he aw, a Pilot of aShip direct his Courfe by a Compaj{s, 
fathioned and framed as thofe which now are commonly ufed. 

And Mr, Barlow, in his Bock entitled, The Na vigator’s Supply, 
Anno 1597, relateth a Story of two Eaft- Indic ANS y that he had perfona 
Confe rence with, .(one-of them. was of Chat (g lia. in the i Lazon, 
the ‘0 ‘her of Méiaéo if 7 Oe Jap Dan ) who dec é hat ftead of our Com- 
pal Chey ule ; Mi 1enetical Needle O Me 1€S° and longer, upona 
Pin ina 
whereof they nave two Crofs Lines for the’ principal Winds, th ef} 

the Div lic ns Be ing left to the Sk cl of the Ba s. Alfo-he there 

that the Portugals, in their firft Difco eries of the Eaft Indies, 

ar a Pilot of AMelinde, that brought them from fence In thirty ‘iver 

days, within the fight of Calecut 5 by which it appears that then they 
had the Ulfe of the Compats. 

let the Inventic mm be atti ributed fo wi at om it will, tis ma. 

Known to have received its abfolute PerfeCtion in the Parts 

World ;.b ut more partic cularly, the Ripplcating x this Inven- 

>to the People of datwerp and Bruges, and alfoto our own 

annexing, to. the Cor npafs twenty four fal bordihate Winds 

the Limb thereof 360 Des grees, which are 

wath, towards the Eaft and Welt,...with 

hat it “apparel that every Point containeth 

e North Point there is a Flewer-de- Jz ae, to diftinguith 
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Difh of white China: Bait: 5 : GQ WIto Alter, in (he bottom 
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é axe Inftrument, Men were direGted. j 
their Vo yages by certain See they y took notice of, efpecial! LY the Plei, 
or. feven Stars, by Charles's Wain, and the two Stars in the Tail 
the ae Feta which were avert ore Ca ed Le Dad Stars. Alfo Tra- 
Were guided 

to fieer theit Courfes in thofe 

lifordered, i: mest able Ways, SO Seamen were diteéted 
¢ Heavenly Guides, in the untraGtable WildernefS of Waters, 


and 


: DE the Bariner’s Compats, 143 
j and unbeaten Paths of the Ocean, before this excellent Artifice was 
h. difcovered. But if the Sky happe ned to be.fullied with ene nd the 
f Stars to be muted with Clouds, there the mo Mt experi ced Mariner 
was at alo's, and was confirained to come ‘to an Anchor; or to lie by, 
to wait the Appearance of his Celeftial Director And if you confult 
Pliny, he will tell you of the Inhal pitas o bana, now Called 
Sumatra, becaule they could not behold the Pole-Srar to fail bY, carried 
certain Birds to Seay which th sy did often let fly: and as thofe Birds by 
natural Inftinct applied their Flight always to Land, fothe vee di- 
reCted their Courfe after them. 2 

To thefe and the like Difficulties were Men expofed before the Inven- 
tion of this marvellous Infrument ; and by it Pofterity is fecured with 
a noble Remedy againft this grand: Inconvenience’s and a Method 
difcovered, as by an im mediate Meflenger from Heaven, to fteer an 
infallible Courk in the moft gloomy Nights, and tumultuous Seas, and 
by the Providence of the Almighty be “fafely condacted to the defired 
Port. | 

Yet this Infirament is not fo abfolutely perfe@ (by that acquired 
Virtue it receives from he L Gadel fone) but that it requires fome Im. 
provements, becaufe it doth not conform it felf to the true Meridian in 
all Places, ut varies in oie Places more, in fome lefs, from the ie 
ret Pofition of the true North and South. i Variation of ¢ 
Compafs augments the Mariners Care, and ought to be confiantly ob- 
ferved in all Voyages, the neglect of which may expofe them to many 
Dangers. » A Dilcourfe of she Variation, and of the probable Con- 
jectures of the natural. Caufe thereof, is handled in that srbsich follows. 
Tthought it ne veflary (tor Method- fake) to fubjoin the Figure of the 
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oval LET 's Compafs. 


“y 


Ss 
Lf aA 
rR Pa ap VG 


Fas at 


mae ’ ~ 9G Pr ae = = a. > a 


RS Sk Te 


i 
f i 
Wa 
at 
(i) 
\? 4 


i ee 


a aa 
png Sao ee eee 
i0h.comretieneet eee 


ee 


aT ” 
Saath RNS eS eae + 
ee = 
i ny 


ate 
ee S - 
= = —— : ~ 


TON eal 6c 
NORGE AINE, CARAS AN CS Gye RST 


Che Hariation of the Compats. 


T be Figure of the Mariner’s 
COMPASS 
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4 Difcourfe of the Variation of the Compafs, and ¢ 


the Natural Caufe 
the Variation. 


T 


HE Variation of the Compafs, 
the Maynetical and true Meridian, the Horizon detes 
AQuantity and Quality, 
uch places where there is no Variation; {ome 


t 


thereof ; with Obfervations of 


is an Angle intercepted: between 


mining its 


Tnefe Meridians fometimes are CO-ineident in 


times again they are 


diferent a 


Che Cariation of the Compals. T4e 
different; and then that part of the Horizon wherein the Northern ex. 
tremity of the Needle lies, denominates its Quality ¢ for if it be to the 
Eattward, then it is called Eafterly Variation; if to the Weftward, then 
Welterly. 

And for the Reafons of the Natural Caufe of the Variation, it is 
pranted (by the Judicious) that the great Globe of the Barth where- 
om we move, is a Magnetical Body : and Experience doth manitetily 
prove, if you cake notice of the univerfal Conformity of the Compais 
or Maenetical Needle, to the | North and South Poles of the World, 
which is thereunto attracted by the Magnetical and difponent Faculty of 
the great Magnet the Earth, by whole Magnetick Vigor it is held and 
fuitained in that Pofture. Fora Magnetical Body isnot that only which 
hath a Power attractive, but alfo directive,, by a natural Propentity 
difpoling, it felt to one invariable: and fixed Refidence 5 fo that it a: 
Magnetical Body, Needle, or Compafs be violently removed, yet would 
it not abandomits primitive Points, or {werve from its Meridtonal Po- 
larity, but return to its natural Situation, ~Aud fuch a Magnetical 
Virtue is diffafed through the whole Body of the Earth, whereby it 
conttantly. addreffeth it felf to the Poles, being fo conftituted in its whole 
Frame, Order and Afpect, unto thefe Points, thatthe attractive Vigor 
thereof is not confined or Jock’d up within its inward Cells and Re-. 
cefles, or circumfcribed within the Circumference of its own Surface, 
but difplayed at -atermediate Diftances, notwithftanding the Interpoli-- 
tion of the Water, Air, and other interjacent Bodies whatfoever, tho. 
never fo folid, through all which. it doth excite and tranfplant its 
Magnetical Virtue ito all Bodies fitly qualified, within and without its 
and effeGring, this in an abftrufe and indifcernable way, the which we 
may fee vilibly performed by the Load-ftone: For thele Effluvimms pene- 
trate all Bodies, capable of their vigorous and active Excitation 3 as 15 
apparently manifeft in all magnetical Needles, having received Strength: 
from. the Load-éione. 


146 The Cariation of the Compats. 
An Experiment to prove that the natural Caufe of the Variation (of bi 
Magnetical Needle) proceeds fromthe Magnetifm of the Earth. 


Take a vigorous Magnet, and let it be converted into a: {pherical 
Bo dy, and having found its Poles, delineate the fame with Meridians, 
the Equino¢tial, and Parallels, then take a {mall ! Magnetical Needle on 
a.Pin, and if you appl y this Needle’ to the Equinoctial of the faid Stone, 
the Needle will lie parallel to the xs chereof ; and if you move it fo- 
wards either Pole, the Needle will im: mediately incline towards the, laid 
Pole, according as you move it, until you come to the Pole; then will 
one Part of the Needle point directly to the very Pole of the Stone. 

But if this {pherical Magnet fhal ll have a Part of it excavated, then if 
you move the Needle about the Sto: ne, a5 before, fo foonas it { tha ll draw 
near to the Limb of this Excavation, twill in itsCourfe of moving 
fuddenly alter, and encline to one of the folid Sides, ‘not at all refpedcting 
the aforefaid Poles: And this DefeGion may explain the Variation of 
the Needle, and the greaier will this Variation be, the nearer it ap- 
pro ace to the Poles: for whereas before the Excavation, each fide be-. 
ing alike potent, the Needle enclined according to its natural Polition 5 
but meeting th this Accident the Buca: it will cc vert it felf to 
the more folid Side, rejecting the imperfect and defective; and fo 
much the more powerfully, by ‘how much the defective Pai it hath lofi of 
1ts magnetical and vigorous Subftance. 

And as it is with this little, fo likewife may. it be with the greater 
Magnet, the Ears} h, whofe folid magnetical Parts are great Continents 
the defe “ot ve and excavated, the deep and valt Channel of the Sea 
and therefore the eae : of Variation may be the enue of the Earth, 
varivufly difpofed, and differe nly mixed with the Sea; and all the diffe- 
rent Ernift 7 of its Strength 1 and -Magnetical Vig Our i 'm_ the more 
eminent and gibbous, and from the more hollow v. and excavated Parts 
thereof. So the N edte naturally endeavours to centorm unto the Me- 
ae being alfo detracted that way, where fn eréater and more 
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powerful Parts of the Earth are fit ters 

Tot his may be ¢ added, That the Variation proceedeth not only from 
fome em Tt T; rret trial Kriobs O] ee ENC ie Sa which appear | like {0 ° 
many Wens upon the Hace of the Earth, as alfo from many. magnetical 
Veins of the Earth, collatera ally refpecting the Ne dles but likewhte 
from the different Accu mulation of the Earth, difpoled unto the Poles, 
lying under the Sea and Waters, which afle@ the Needle with a greater 
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or lefler Variation, according to the Vigor or mpotency of the fubter= 


raneous Lines, or the entire or broken Body of the magnerical Fabri ick 
under it 3 ass obfervable from {everal Load-fiones, laced at the bottom 
of any Water: for a Needle upon the Surface, will varioufly conform it 
felf acc cording to the Vig or or Iinbecillity of the Load-iiones under it, 
Fhe Globe of the Earth is known to ray uneven, and une ‘es ly 
mixed with many Materials, differing: from a magnetic al Qual ity, 
having great and ftony Mountains, large Val allies deep Seas, long and high 
Continents and Promontories, with mighty {cattered Rocke of Load- 
fiones, of Iron Mines, and other Magnetical Matters. 


This Variation of the Compals was formerly fuppoted to 
remain the fame, but now. "tis OND 1 By in all 
Places: to. ildtrate this ‘Truth, J fhal plete infert 
fome Obfervations of the Variation: of the Compafs 
near the C ity of Lozdon, for an hundred Yen ars laft 
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Mr. Gunter’s Obfervations, made at Lime-Houfe, 
June 13. Anno 1622. Afternoon, 


aa AT UM te ARE NRT ROR erat ae ce eR ce Un mw sete natrenrear renters, nn nAaREE . ae 
sd 
Sun’s Alt. | Mag. Azim. |Sun’s Azim. | Variation. 
5. a ase a Ss staat 3 a 
“Gromin | Gro ars | Gr. min, Gea Gr. min. j 
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Oe In this Interval of the Obfervations made by M:. Burroughs 
1 OL Eh and Mr. Ga ter, in 42, Years, the evident Diminuton hath bees 


ft it i f 5 deprees. 
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Hl ak i / Mr. Gillibrand’s Obfer vations, made at Deptturd, 
| Aah | Anno 1634. June 12. before noon. 
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Dolervations of the Caviation, et ar it ly 


In the Afternoon the fame Day. 
AltSol.Vera./ Azim. 1. Mag. Azim. Sol. Sol. | Variation.» 


| Gr. min. | Gr. min. | Gr. min, Grit min. | 

| 44 37 114 00 109 53. | 04 OF 

| 40 4 108 OO 103 50 O4 10 
38. 46 | Iog5 00 100 48 | O4 12 

: 39 43 | 102 00 | 097 56 | OF 04 
34..392 |. 099.00 095 00 | C4 00 
32 10 096 00 O91 §§ O4 05 

aa The mean ot which Obtervation 1s 04” 06! Eattward. 


Diieevations made by Mr. Gillibrand at Paul’ s Cray | 
in Kent, fuly 4. 1634. Afternoon. | 


\Vera.AltSol.[fAzim. Mag.y Azim. Sol. | Variation. ; | 
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| Gr. min. | Gr. mir, | 
| 40 §5 Itt 30. | 
| 40 of 119 co | 
| 39. 41." | 109 30 
| 38 42 108 00 
35 32 103 30 


Gr. min. | Gi Gr. min. 
107 30 | 04 00 
106 Of | 03 5§ 
105 34 OZ §6 
104 05 03 95 
99 32 | 03 58 
98 32 03 «58 
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So that here alfo may be noted, that the Diminution of the Varia- | 
tion in 45 Years (from the time of Mc. Bur roagh’s Obfervations) | 
is more than 7 degrees, | 
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Hs Obfervations made by Fobn Seller, at the Hermitage near 

Ln London, with a Quadrant of 6 Foot Radius for the Al- 
vi ricude ; andanIn{trument of two Foot Radius for the 


Azimuth, taken in the Year gos . at. 51 deg, at min, 
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The Mean of thefe Obfervations is 34 minutes Wetterly. 
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May the 28th, 1670, in the Afternoon, takenby the Wor- 
fhipful Sir Nicholas Millet, at his Houfe at Batter{ey. 
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The mean Variation is 2° 067 Wefierly. 
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The Wation of the Clariatiau, 51 

Mr Bond’s Theory of the Motion of the Varia-| 
tion for time to come, to the intent that i 
may be ‘manifelted by Obfervations, the| 


ariation 
Years Variatio Ve. 
2 ars, 
Weft. | Weft. 


A ener gt 
SEC T, IIl. 


The Defcription and Ufe of the 
A ximuth-Compa/s. 


Hi: Compafs doth derive its Name from its Ufe, being princ; 
i to find the Magnetical- Azimuth of the Sun, aad 1s 5 eae 
{pects like unto another Compats, only with fuch neceffary things added. 
as are moftconvenient for that purpofe, ’ 
Upon the round Box, wherein are the Fly and Needle, is faftened a 
broad Circle of Brafs, the one half of the Limb thereof is divided inte 
99 degrees, numbredfrom the middle of the {aid Divifions both ways 
with 10, 20, 30, Ge. unto 45 degrees; which degrees are allo fub- 
divided Into minutes by Déagonal Lines, and by. certain Excentrick, 
Circles interleGting one another; for thele degrees are drawn from the 
Oppolite part of che Limb whereon the Index moveth, cutting thofe de 
grees. On this Index is ereGted a Sight, which for conveniency is to 
fall down with a Hinge, and to fet upupon Occafions and from the to 
a oe Sight, Ir to te mudcle of the Index, is faftened a Thread 
ute-firing, to fhew’the Shad 
the middle a faid Index. CE Re Ee ty 
And by this means of placing the Index upon the Circumference, the 
degrees come to be as large again as they would be, if it moved upon 
the Center; the Truth hereof is evidently demonftrated in the third 
Book ot Eaclid, Prop. 20. : 
This broad Circle is croffed at Right-Angles with two Strings and 
commonly from the Terminations of thefe Strings are drawn four {mal] 
black Lines on the infide of the Box, for rectifying che Inftrument in 
time of Obfervation, by the four_Lines that are alfo drawn at Ri ht 
Angles, on the Superficies of the-Fly. ane 
This Compafs being thus fitted, is hung in ftrong Brafs Rings, and 
thofe alfo fattened into a Square Wainfcot Box, fit for that purpofe : 
which you may more plainly perceive in this following Figure. 
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| Firft, You muft re@ify the Brafs Limb on the Edg of the Box @y 
| the Needle and Fly within the Box) according as the nature of the 
( Qbfervation doth require: For if the Obfervation be in the Forenoon, 
1 then you mutt putthe Center of the Index upon the Weft Point of 
1 the Card or Fly within the Box; and fo, that the four Lines on the 
, Edg of the Card, and the four Lines by the infide of the Box, do al- 
| s concur. : 

The Infirument being thus rectified, turn the Index towards the Sun, 
J until the Shadow of the Aypetenufal Thread fall directly into the very 


j flix of the Sight that is on the Index, and alfo upon a Line that oe 
é tine 
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154 DOeleription of the Asimuth-Compals. 


the middle of the Index ; then at the fame time will the inner Edg 


of the Index cut the degree and minutes of the Suns Magnetical Azi- 


/muth from the Ealt to the Northward or Southward. 


As for Inftance. 


aE ae ass. Pr. f : ae Cre ~ ee 
Suppofe the Infrument be reétified, as before js fhewn, for an 
Obtervation in the Forenoon, and that the Index fhould cut ten degrees 


‘upon the Limb to the Northward of the Faft. then is the Azimuth of 


the Sun 80 ‘degrees from the North, or elfe 100 degrees from the 
South. ~Solikew fe if the Index had cut ro degrees to the Southwards 
of the Eaft, then would the Azimuth be $o degrees from the South, 
and: 100 from the North. i 

And here alio obferve, That the Compafs ftanding in this Pofition, 


cand if the Azimuth of the Sun be lefs than 45 deg. trom the Meridian, 


and you turn the Index toward thie Sun, if will go off the Divilions on 
the Limb, and there can be no ufe made thereof as it now itands. 

Therefore you mult turn the Infrument juft one Quadrant, or quar- 
ter of the Compafs, viz. place the Center of the Index on the North 
Or South Point of the Chard, according to the Sun’s Pofition from 
you, and then the Edg thereof will cur the degree of the Sun’s Azimurh, 
from the North or South. That which is faid as to the Life of the 
Azimuth-Compals, when the Sun is on the Eaft-fide; the like is to be 
under{tood with the fame reafon, when he is on the Welt-fide of the 
Meridian. 

And alfo note, That the Obfervations of the Sun?s Azimuth are beft, 
when the Sun is near the Horizon, becaufe the Motion of the Sun in his 
Altitude is moxe eafily obferved, 


To take an Amplitude bythe Azimuth-Compafs. 


If the Amplitude be taken inthe Moming, at the rifing of the Sun, 
then you muft turn the Center of the Index right over the Weft-point 
of the Fly, and rectify the Inftrament by the Lines within the Box, to 
the Lines on the Fly. 

Then looking through the Sight, turn the Index towards the Sun, 
until you cut the Body of the Sun with the Thread ; at the fame time 
will the edg of the Index thew the degree of the Sun’s Magnetical 

Amplitude, 
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Amplitude, upon the Limb of the Inftrument, from the Eaft, either 
Northerly or Southerly. 

But if you take the Amplitude in the Afternoon, at the Setting of the 
San, then you'mult turn the Index over the Eaft Pointof the Fly, and 

roceed as betore; 

Having found the Magnetical Azimuth or Amplitude by the Compats, 
Gnd the Sun’s Azimuth by Problem 13. Coap. 3. and the Sun’s Am- 
plit ide by Problem 8. Chap. 8. 


hen find the Difference between the Sun’s Azimuth or: Amplitude, | 


and the Mugnetical Azimuth or Amplitude, by {ubtracting the one 


a 


frorn the other 5 this Difference is the Variation of the Compats. And | 
to Know whether the Variation be Eafterly or Welterly, obferve thefe - 


following Puules. 
ae) GTS Ne ENE Tek CE 
Rules fo2 calling the Gariation... 
I: By. the QObdfervation of the Azimuth, 


Inthe. Forencen... 


t. If the Angle of the Suu’s Azimath (by Calculation) from the « 
North be greater than the Magnetical Azimach (by Ooiervasion) then: 


is the Variation Eaiterly. 


2. If the Angle of the Sun’s Azimuth from the North be lefs than | 


the Mignetical, then is the Variation Wefterly. 
In the Afternoox. 


2 


3. If the Sun’s Azimuth from the. North be greater than the Magne- - 


tical, then is the Variation Welteily. 


then is the Variation Eafterly. 


Example oe 


Suppofe on. the sth of Fane 1690, in the Forenoon, | fet the Sun « 
YG 
AO 


with my Azimuth-Compais, ana ind his Magnetical Azimuth to be 
go° 48! from the North, at the fame time the Sun’s Azimuth, by Cal- 


| culation, is 84° 30! from the North part of the Meridian. 


The 
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4. If the Sun’s Azimuth from the North be lefs than the Magnetical, . 
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156 Rules for cating the Cariatiart. 


The difference of thefe Azimuths (which is the Variation) is 96% 
18! I demand which way the Compafs varies ? 

Anfw. Wetterly 5 becaufe that Obfervation being made in the Fores 
noon, andI find the Sun’s true Azimuth from the North to be lefs hie 
the Magnetical, accarding to the fecond Rule aforegoing, 


Example 2. 


Admit that in the Afternoon, at the fame time that [ find the Sun’ss 
Azimuth to be 102° 00', I find his Magnetical to be 90° 09! from 
the North. 

The ditierence is 05° 00/3 I demand which’ way the Compais 
varies ? 

Anfw. Welterly , becaufe the Obfervation being made in the Aftere. 
ncon, I find the Sun’s Azimuth from the North to be greater than the: 
Magnetical, according to the third Rule. 

Note, Thefe four Rules for cafting the Variation, by Obfervation off 
the Sun’s Azimuth, are the fame in South as in North Latitude, the: 
Sun’s Declination being either Northerly or Southerly, : 


If. By the Obfervation of the Amplitude. 
At Sun-Rsfing. 
1. If the Sun’s Amplitude be nearer to the North than the Magneti-. 
cal, then is the Variation Wefterly. 
_ 2. Té the Sun’s Amplitude be farther from the North than the Mag-. 
hetical, then is the Variation Eafterly, 
Mt Sun- Setting. 
3. If the Sun’s Amplitude be nearer to the North than the Magneti- 
cal, then is the Variation Eafterly. 
4. If the Sun’s Amplitude be farther from the North than the Mag- 
netical, then isthe Variation Wefterly. 


Example, 
Admit that by the Azimuth-CompaG, at Sun-Setting, I find the Map. 


netical 


Riles far recifving the Courte. 157 
Netical Amplitude to be 19 deg. CO min. and the Sun’s Amplitude to 
be 24 deg. comin. from the Welt Northerly; 1 demand which way 
the Compafs varies ? | 

Anfiv, Eatterly 5 becaufe by an Obfervation at Sun-fetting, the Sun’s 


Amplitude is nearer to the North than the Magnetical, according to the 
third Rule. 


Having by the former Rules found the Quantity and Quality of the P’a- 
riation, it yet remains there be fome Directions for rectifying the Courfe. 


The Manner that I thall here fet down, is performed by a Compats- 
Chard (having Degrees on the Limb) anda pair of Compaffes, which 
tho it be mechanical, yet it is facile and demonftrative, and in my Opi- 
nion, exa& enough for Nautical Ufes ; however, any one may ule the 
Pen if he pleafe. 

But before we deliver the Rule for Operation, it will not be amils, 
for plainnefs fake, to give thefe Cautions. 

r. That whena Mandire@ly beholds the North part of the Horizon, 
the Eaft is on the Right-hand, and the Weft on the left ; and therefore 
when the North-point of the Compafs Cand, confequently all the other 
Points) vary from the true North or Meridian to the Eaftward, then the 
Variation is reckoned to the right-hand ; and for the fame reafon, if the 
Variation be Wefterly, it’s accounted to the left. 

2. That in che Ufe of the Compafs-Chard, you muft always obferve, 
that you place the Courle, or Point on which you fteer, sight from you. 


The Rule. 


Take the quantity of the Variation in degrees, from the Limb of the 
Chard, between the Compaffes (the Chard lying before you, as is di- 
rected) placing one Foot in the Rhomb or Courfe; if the Variation be 
Eafterly, turnthe other Foot towards the right-hand 5 but if Wefterly, 
to the left; the number of degrees in whiclr the Point of the Compafs 
flays, fhews the true Courfe from the North or South, either Eafterly ox 
Wefterly, the Quantity and Quality of the Variation being allowed. 


AAs for Example. 
1, Let the Magnetical Rhomb, or Point of the Compa‘s, be North- 


Eaft, and the Variation 10 degrees Eafterly ; I demand the true Rhomb. 
eae  Vhe 


ee ting E FSS 3 EE ee — —~ GRY 
TR oem gar ~ a = = = = ones == ~ = ~ 
— 4 » 
N 


he nd 
0 
Hk 
eee 
bl 


es pe 


158 Bules for vecifping the Courte. 


The Chard lying as is direCted, take the Extent of 10 degrees between 
the Compaffes, and place it from the Noith-Eaft towards the right-hand, 
becaule the Variation is Eafterly, that thews the true Courfe to the North- 
Eaft 55 degrees, or N.E. by E.a little Eafterly. 

2. Let the Courfe by the Compafs be Weft and by South (i: ¢:) 
S. W..78 deg. 4§ min. and the Variation.10 deg. Eafter ly, as before, I 
demand the true Rhomb. 

Take the Extentcf 10 degrees between your Compaffes, and place it 
from W. by S. towards the Right-hand; it thews the true Rhomb to be 
S. W. 88 deg. 45 min. or almoft Weft. 

3« Let the Magnetical Rhomb be Welt, and the Variation 10 degrees 
Eafterly, 1 demand the true Courfe, 

Take the Extent of ro degrees, as before, fet it off from the Wek 
towards the Right-hand, it gives the true Rhomb North-Welkt 80 deg. 
oo min. or almoft Weft by North. 

4. Let the Magnetical Rhomb be N. N. W. the Variation x0 deg. 
Welierly, demand the true Rhomb, 

Take the Extent of 10 degrees, place it from the N. N. W. towards 
the Left-hand, becaufe the Variation is Wefterly, it gives the true Rhomb 
N. W. 32 deg, 30 min. or almoft N. W. by N. 

5. Let the Courfe by the Compafs be Welt, the Variation 30 deg. 
Welterly, I demand the true Courfe. | 

‘Take the quantity of the Variation 10 deg. place it from the Weft to- 
wards the Lett-hand, which fhews the trueRhomb to $. W. 80 deg. og 
almoft W. by S. 
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169 OE the Ring-Dial. 
His Inftru ment confifts chiefly of two Rings, clofely fitting within 
each other, and a Bridg, and ‘is made either of Brafs or Silver, 

The outermoit Ring, reprefents the Meridian of the Place, and on 
the foretide hasone of its upper Quadrants divided into go degrees s 
likewife on the backfide a Semicircle is divided into the like Number of 
degrees from the Hole or Centre in the Circumference. On the Con- 
vexity of this Ring is fitted a Nut (with a Wire-Ring to it) having a 
{mall Line drawn in the middle of it, to remove to any of the degrees 
on the forefide. 

The inner Riog (when they are open at Right-Angles) reprefents 
the Equinodtial Circle, on the infide of which is drawn a Line in the 
very midft, and thereon are divided the Hours into Halves and Quarters, 
and are numbred with their proper Figures on the upper fide of this 
Ring. | 

The Bridg reprefents the Axis of the World, in the middle whereof 
there is cut a long flic ; upon one fide are placed the Days of the M onth, 
on the other the Degrees of the Sun’s Declination: upon the Bridg is 
contrived a fliding Nut, which directs a fmall Plate moving within the 
flit 5 this Plate is croffed with a fine Divifion, and in the midft thereof is 
drill’d a {mall Hole. 


Che Cie of the Ring-Diat. 
To find the Hour of the Day. 


Place the Hole that is on the fmall Plate on the Bridg, to the Day of 
the Month, or the Sun’s Declination, and fet the Nut upon the Con- 
vexity of the outer Ring, to the degrees of the Place’s Latitude (whether 
Northerly or Southerly) on the forefide of the Ring : open the Rings 
to Right-Angles, and then having your Inftrament on your F inger, turn 
the upper end of the Bridg towards the elevated Pole, and place the flat 
fide of the Bridg againft the Sun, thathis Rays may the better tranfpierce 

the little Hole , then turn the Inftrument to the Sun, until the Sun-beams 
(by the little Hole) fall exactly upon the Line drawn on the infide of 
the Equinoctial or inner Ring 3 then is fhewn the Hour of the Day, 
according to the Capacity of the Inftrument. 

The dividing the degrees of the Sun’s Declination on the Bridg of 
this Infrument (which | purpofely omitted) is Geometrically defcxiled 
by the Worthy Mr. Edward Wright, in his Correction of Errors, who, I 


think, 


Pen shbchaaaen ene 


The Mle of the Bing-Dial. 
think, was the firft Contriver of this Univerfal Dial, altho differing 
from this here difcourfed of. 


To find the Sun's Altitude. 


To perform this, you muft firft fet the Line in the midftof the Nut, 
upon the outer Ring, to the beginning of the degrees on the forefide of 
the fame; then put a Pin in the Center-hole, and hanging your Dial 
upon your Finger, turn the edg of the outer Ring towards the Sun, fo 
as the Shadow of the Pin may fall upon the Divilions on the back- fide 3 
the degrees cut by the Shadow is the Sun's Altitude. 


Note. 


If you ufe the Ring-Dial in South-Latitude, you muft place the Hole 
in the fliding Plate on the Bridg, to the Sun’s Declination, uling the 


D) 


South Declination inftead of the North, and the contrary. 


CA AP. XX. 


Containing the Ufe of thefe Infiruments, 
the Crols-Staft, and Quadrant : Lake- 
wife how to find the Latitude of a Place 
by the Meridian-Altitude and Declination 

of the Sun; and the Ufe of the No@ur- 
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The Ale of the frols-Statl. 163° 


This Inftrument is of fome Antiquity in Navigation, and is com- 
monly ufed at Sea, to take the Aftitude of the Sun or Stars, which it 
performs with fufficient Exactnefs, efpecially it it be lefs than 60 de- 
grees , but if it exceed 60, itis not fo certain, by reafon of the length 
of the Crofs, and the fmallnefs of the Graduations on the Staff. 

The Staff is made ftreight, four-{quare, and commonly of Box, or 
Pear-Tree, and graduated on the feveral Sides with Degrees and Mi- 
nutes. 


the Graduations, fitted to flide evenly upon the Staff, without jogging. 


Crofs. 

On another fide of the Staff, the Divifions begin at about threé 10°, 
and encreafe upwards to 39° ; this is called the Thitty-fide. | 

On another fide the Graduations begin about 20°, and encreafe tc. 
wards the Eye-end of the Scaffto 60°; thisis named the Sixty-fide, 

The remaining and fourth fide hath the Divifions beginning at30°, 
and encreafing upwards to 90° ; from thence it is named the Ninety-fide, 
and his Crofs (the longeft) the Ninety-Crofs. 

Sometimes the feveral fides of the Staff are numbred likewife with 
their Complements'to 90” in fall Figures, viz. at 90° {lands 00, againft 
80° 10°, at7o° flands 20°, and fo of the reff. 

The Ue of this is to take the Complement of the Altitude, or Zenith- 
diftance from the Staff, without Subtraction. | 
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164 — She Cite of the Crole- Staff. 
A Table of the Lengths and half-Lengths of the Croffes : fhewing the 


4 


Meafure of each Crofs by the Graduation on the Staff, proving whe- 
ther they be rightly made or not. | 


Whole Length 


Halt Length 
of the Croffes, 


| of the Croffes, 
Degrees jMinutes, Degrees. Minutes,| 

oO} F 03 ay 09 12° | 
From >to istrict OR JO 
= sit, ears og lt Pili 
at Pag ete se SOOT SUVS aS wih OFM 
) ae An Example of the Sixty-Crofs. 

Ait The length of the Sixty-Crofs Cif rightly made) maft reach from 60° 
to 30° 00! and his half-length to 40° 13/. 

There are two ways principally for the graduating a Crofs-Staff, one 
by Geametrical Projection, the other by Arithmetical Calculation, 

[ willgive youan Example of the latter, by which you may divide 
any Staff, Or at leaft be able to examine one that is already graduated. 

hey Example of the Sixty-Crofs. 
ee Suppofe the length of the Sixty-Crofs to be 102. Inches, and the 
aay half-length 5 +> Inches; I defire ts know the Diftance of 45° 30/, 
Hi || from the Center of the Staff proportional to this length of the Crofs, 

Pi Take half of 45°30’, thatis 22° 45/. 

The Proportion 1, 

{i As the Tangent of 22° 45/, —— ——~ —_——- 9.62256 
By Is to the half length of the Crofs, 5 2-. Inches, ——— 0.707§7 
ia So is Radius 10.00000” 


Sr 


To the Diftance required, 12. 16 Inches, ———- — 1.08504 


This gives the Diftance from the Center of the Staff to the Divifion 
reprefenting 45° 30/ tobe 12. 16 (or—*£) Inches. : 
_But if you do propofe to graduate a Staff, the more ready and expe- 
if Ni dite way is to divide. the half-length of the Crofs into 100 or 1000 equal 
ma it a parts, and taking only the Tangent Complement of half the Angle re- 
Pi quired, out ofa Canon of natural Tangents, gives the Diftance re quired, 
i Example. 
| Suppofe,as before, the half-length of the fixty Crofs,to be 5 + Inches, 
ae) | and it is required to know the Diftance from the Center to 45° 30! 
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The Cite of the Crote-Statt I 65 


The half length of the Crofs being divided into 1609 equa! Parts, 
(or into as. Many. as conveniency admits of, the reft f{upputated by Efti- 
| mation) look into the Tables of natural Tangents, for the Tangent 
| Complement 22° 45's (tne halfof 45° 30.) and you will find 238472 5 
| then cutting off two Figures to vards the right-hand, the Remainder 
2384, fhews the Number of egual Parts (whereot the half-Crofs 
contains 1000) which mutt be taen, to fet off the Diftance from the 
Center to 45° 30’, that is twice the half-length of the Crofs, and 384. 
Parts more. 

The like you may perform for any other Degree, to every tenth or 
fifth Minute, or !«!s, according as the Staff will admit of the Divifions ; 
and. as you {ce 1 the Example of this Crofs, fo the like may be perform- 
ed for any Cro of what lengtirfoever. 


See san ae NONI Py On 


Che Ue of the Crafs-Stafi. 


To take « forward Obfervation of the Sun's Meridian 
Altitude at Sea. 


When you do ‘atend to take the Meridian Altitude at Sea, (in order 
to the obtaining of the Place®s Latitude) it is convenient that you be 
preparing your felf for your Obfervation fome competent time before 
Noon; and confider what the Sun’s greateft Altitude may be that 1 


Day, accordingly co ule thofe Croffes that may be moft fit for . your 1 
purpofe. oi : i= 
As fuppofe the Meridian-Altitude for that Day be judged tobe 20°, \a 
chen ule the Thirty-fide of the Staff, and the thirty-Crofs 5 if you think i 4 
it will be 30° or more, then take the Sixty-Crofs. 4 
There is another requifite fit to be underftood before you proceed to i F 


Obfervation, and that is how to place your Fore-ftaff to your Eye, to d 
prevent an Error mentioned by Mr. Wright, in his Cerrecison of Er- 

vers, to avoid which, take thefe few Hints. | 
Finit, Place the Genter of the Staffac A, to the out-fide of the Corner i 
ef your Eye, as near your Eye as conveniently as you can, without | 
hindring your Sight, letting tae End reft upon your Eye-bone, ref{pecting ce. 
as it were the Eye’s Center, anid caufe the vifual Rays to concur with the 1 3 
middie Parallels drawn on each fide of the Crofs-Siaff, and then is your 
Staff rightly placed for ape cate! Bui becaufe this is fomewhat dif- __ ' 
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166 Che ale of the Crofe-Staz. 


hcult plainly to be defcribed, and perhaps that which is already {aid may 
not be fo obvious to the Reader a6 I could with it, T will therefore give 
an eafy Wluftraticn, which may be veritied by Experience. 

Having firft of all fatistied your felf in the truth of the Divifions on the 
Staff, and likewife of the exa@ Length and Half-length of your Crof. 
fes, then put on the Sixty-Crofs, and place it to 30° on his proper Side, 
and alfo flip on the Ninety-Crofs parallel with the former, and put that 


‘to 30° likewife on his peculiar Graduations ; then bring the end of the 


Staff tothe Comer of your Eye (as is directed) and remove it (9 that 
you fee each end of the two Croffes at once exactly to concur and apree 
with the vifual Lines proceeding from your Eye ; that is the Place of 
your Staff in time of Obfervation, and may ealily be found by frequent 
Trial. 

Having thus prepared for your Obfervation, and acquainted your felf 
with the holding of your Inftrument, eing upon the Deck, turn your 
Face toward the Sun, and place your Staff to your Eye, holding the 
Crofs upright, look at the upper end of your Crofs, at C for the Suny 
and at the lower at B for the Horizon: But if the Sea obfcure the Hori- 
zon from your Sight, then remove the Crofsa little further from your 
Eye: but if on the contrary, your Sight do not extend fo low as the 
Horizon, but the Sky only appears in the ftead thereof, then move the 
Crofs a little nearer your Eye, until by the upper part thereof you fee 
the Center of the Sun, and by the lower the Horizon, exaG@ly at the 
fame time 3 then look upon the proper Side of the Staff (for the Crof 
you ufe) the Sun’s prefent Altitude will be cut by the fame and this, 
if ic were for one fingle Obfervation either of the Sun or any Star, were 
{ufficient. 

But the Sun’s greateft Altitude being that you are to take, you mutt 
therefore wait (making Obfervation as your Judgment thall direct 
you) until the Sun be upon the Meridian, ftill fliding the Crofs nearer 
your Eye as the Sun rifes, until you perceive it to be at the higheft 5 for 
fo foon as the Sun is to the Weitward of the Meridian, and falling, if 
you make Obfervation again, you will find the Sea to obfcure the Horj- 
zon from your Sight, and then in no cafe remove your Crofs, but let ir 
remain fixed, and tinifh your Obfervation for that feafon, 

Then caft your Eye upon that Side of the Staff belonging to the Crofs 
youutle, the Degrees and Minutes cut thereby, and numbred with larger 
Figures, (decreafing always from the Center of the Staff) give the 
Sun’s Meridional Altitude, and the {mall Figures underneath, the Com- 


plemnet of the Altitude, or the Zenith Diftance. 


The Mie of the Crols-Statt. 

In obferving forward by the Crofs-Staff, “tis ufual to have a piece of 
red Glals to defend the Sight from the Lufire of the Sun in time of 
Obfervation. 

[fc would, in my Opinion, be better to have the GlaG fitted in a 
piece of Brafs, and fo to be put upon the end of any of the Croffes, as 
occafion requires. Thus much for a forward Oofervation. ] 


After the fame manner you mutt obferve the Altitude of the Stars. 


To make a backward Obfervation of the Sun’s Altitude 
by the Crofs-Staff. 


Thefe Obfervations are frequent at Sea, efpecially with the Hollan- 
ders and to perform this, you muft have a Horizon-Vane, the inner-' 
fide of which fits upon the Center of your Staff, or elfe a fliding one, 
according to the Dutch Fafhion. 

Likewife there is a Shoe of Bra to fit on to the end of any of the 
Croffes, whofe Ute is the fame with the Horizon-Vane in the Qua- 
drant, 

Having a Staff thus fitted, place the Horizon-Vane upon the Center 
or Eye-end of your Staff, and put on a Crofs fittelt for your purpole + 
fix the Bras Shoe at the lower-end thereof, then turn your back to the 
Sun, and looking through the Sight (made by the Brafs Shoe) on the 
end of your Vane, elevate or deprefS the end of your Staff, until the 
Shadow made by the upper-end of the Crofs, fall upon the upper-part 
of the Sight in the Horizon-Vane; then look through that Sight for the 
Horizon: But if theSea obfcure the Horizon from your Sight, then re- 
Move your CrofS a little nearer to the Horizon-Vane 5 but if on the 
contrary, your Sight doth not extend fo low as the Horizon, but the 
Sky only appears inftead thereof, then remove the Crofs further ‘from the 
Horizon-Vane, tillyou fee the Shadow fall upon its due place, and per- 
ceive the Horizon exactly at the fame time, then have you the Sun’s 
prefent Altitude. 

If you oblerve for the Latitude, you muff reiterate your Obfervation as 
before, and when you perceive the Sun to be paft the Meridian, detult, 
and concluding your Obfervation, account your Degrees and Minutes, 
cither of the Altitude, or its Complement, as is before (hewn. 

To ule the Staff in a backward Obfervation, after the Datch 
Fafhion, there muft be a Horizon-Vane fitted to flide evenly 
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nh 168 Che Chie of the Croke-Staek 
Hay | upon the Staff, and then all the variety from the former manner of Ob- 
| fervation will be this ; | 

Place any of your Croffes that you intend to ufe upon the Cénter of 
the Staff, turning the Nut inward, then flideon your Horizon-Wane 
with the Nut inwards, and. fix on the Brafs-Shoe to the lower-end of 
your Crofs: then proceed with your Obfervation, removing ‘the Hori- 
eR hi zon-Vane, as before you did the Crofs; and: the Degrees and Minutes 
wa | cut by the edg of the Horizon-Vane, upon the fide {¥euliar to the Crofs 


| Mi i): i you ufe, is the Sun’s Altitude, or Complement thereof, as you reckon 
a Hae a it in the greater or leffer Figures, 
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; i) i! The Defcription and Vfe of the 
Uh QUADR ANT.. 


ea i : rows His Quadrant is of a very commodious Form: and Contrivance; 
; Peet Baten : ‘ ¢ 
I Hh i be ing’ at prefent the beft approved,. and moft general Inftrument 
HE ay that is in. ufe.. for obfervi 2 iz ; 
ti if that as In ule, for obferving, the Sun’s Meridian Altitude at Sea, 
ee oar 
BH ide ay Be . Le es 
{ ih The Parts: of this Inftrument ‘are principally three Vanes, and two 
feb es | ‘ bs : r) . = 
Hl il i | Arches, which Arches together contain 90 Degrees. aud giveit theres. 
i i iH bi iy | fore the Denomination.of a Quadrant. 
Wan ee 
if cit ba : : ° 
me i i This Inftruament is: faid to be firkt contrived by Captain Davis, (that 
i Mi | was employed in Queen Elizabeth's time to difcover the North-weft 
i at it aa t P BS - 
Bi Raflage). and. therefore called Davis’s Quadrant. 
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The Figure of the Quadrant, and Manner of Obfer vation. 
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Of the shree Vanes. That which in time of Obfervation refpedts the: 
forizon in this annexed Figure reprefented by A, is called the Horizon- 
Vane 3 that which gives the Shadow, noted by B, is named the Sha- 
dow-Vane; and that through which you are to look for both Shadow. 
and Horizons. diftinguifhed with C, is called the Sight- Vane. . 
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170 Che Detcription of the Quadrant. 
Of ths Arches. The leffer noted with d ¢, is named the Sixty~Archy 
becaufe it ufually contains but 60°; it is of a {mall Radius Cadvifedly 
fo contrived) tor the more apt placing of the VaneB thereon, that the 
Shadow thereof falling upon the Horizon- Vane A, at this fhort diftance, 


might become the ftronger, and the more perfpicuous to the Eye of the 
Obferver. 

This Arch is commonly divided but to every Degree, and numbred 
from the upper end of the Arch downwards to the Line of Partition, 
(which is aLine drawnon the middle of the upper Leg of the Qua- 
drant, between the two Arches) with 5, 10, 15, &c. And this is the 
Complement of the Altitude. Sometimes this Arch is hgured with 
the Altitude, from tl e Line of Partition upwards towards the higher end 
of the Arch, with 5, 10, 15, &e. to 603 but this is nor frequently 
ufed. 

The greater Arch, here denoted by the Letters fg, is called the 
Thirty-Arch: this Arch is of a large Radius, the better to be divided 
and {ubdivided into Degrees and Minutes, the Limb whereof is of a 
competent breadth 3 and thereon are ufually defcribed feveral concentrick 
Circles interfected with Diagonal Lines, for the more facile and exa& 
dividing the Degrees into every fifth or every fecond Minute and hereby 
the Subdivilions are confpicuous, and may readily be computed by the 
Obferver, 

But becaufe poffibly this manner of Divifion may not be underftood 
by every one that hath Occafion for this Inflrument, for their fakes’ there- 
fore I have annexed this following Figure. 
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This Figure is part of the Limb of this Arch, as tis ufually drawn 
yypon the Limb of the Quadrant, each Degree being fubdivided into five 
Minutes; upon the Plain of this Arch are deferibed fix concentrick Cir- 
cles, and are noted with the Figures 1, 24 3+ 41529 And in the 
Limits of each Degree are drawn two Diagonals,  interfecting thefe 
Circles , and thofe Diagonals divide each Degree into two Parts, wz. 
into 30 Minutes 5 and the concentrick Circles fubdivide each of thefe 
Diagonals, reprefenting 30 Minutes, into fix other Parts, being five 
Minutes apiece: Therefore the firit Interfection at 5, 1s five Minutes 5 
the fecond at 10, is ten Minutes , the third at 5, is hifteen Minutes 5 
the fourth at 20, is twenty Minutes; the fifth at 25, is twenty five 


Minutes ; the fixth at 30, is thirty Minutes: che firlt again at 354,18 
thirty five Minutes ; the fecond at 40, is forty Minutes 3 at 4§, isdorty. 


five Minutes; at 50, is fifty Minutes 5 at 55, 1s fifty five Minutes. and 
at 60, fixty Minutes, ors Degree. And the like is to be underftood of 
the relt, always as they afcend, encreafing five Minutes. 

And take this for a general Rule: Firft count-how many concen- 
trick Circles. there are, which are fix or ten, and are to be computed 
as is here (hewn, and noted by the Figures at the end of this Scheme : 
then fee how. many Diagonal Lines are diawn within the extent 
of each Degree, which are two or three; then mutiply the Num- 


| ber of concentrick Circles, by the Number of Diagonals in one Degree, 


and 
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sand by the Produét divide 60, (the Minutes in a Degree) thee 
Quotient fhall give. you the number of Minutes that each Inter-- 
fection encreafes by, and is more than . the precedent. As (up-- 
pole the concentrick Circles to be ten, the Diagonals in each Deg. 
gree five; then multiply ten by three, the Produ@ is 30, by which 
it you divide 60, the Quotient is-2; which fhews that the Intere 
feétions -encreaie by two Minutes, the fir reprelenting two Mi- 
nutes, and fo.4, 6; & Minutes, Gc. to 58 and 60 Minutes, or 1° ; 
and then £°.2’, 4%, 4° 6, Gc. | And-itheslike is to be un- 
erliood of the rett 


Lhe Ufe of the Quadrant. 


This Infirument is commonly ufed to obferve the Sun’s Meridian 
Altitude, which ‘o perform we will briefly defcribe. 

Firft, Put the Horizon-Vane onthe end of the Quadrant on A, and 
then the Sight-Vane upon the Thirty- Arch in the precedent Figure s 
and laftly, the upper-edg of the Shadow-Vane upon the oxty-Arch, to 
a certain Number of Degrees moft proper for your prefen’ Obfervation s 
which readily to perform, take this Caution, 

Confider what will be che Complement of the Merci Altitade 
that Day, then place the Shadow Vane {o, that the Degrees cur by the 
upper-edg’ of the Vane, be always ‘le(s by 10 or 15° than you judy the 
Gomplement of the Sun’s Meridian Altitude will be that Day in the 
place of Obfervation. ) 

For inftance 5 Suppofe that. the greateft Altitude of the Sun for the 
time, in the Place of Obfervation, be eftimated to be 45°, the Compl. 
is 45° 5 then place the Shadow-Vane at 39 or 35 deg. which are proper 
for your prefent Obfervation. | 

Having thus prepared your Inftrament, and being ready upon the, 
Deck, turn your back towards the Sun, and holding the Quadrant as 
uptight as you can, place the sight-Vane to your Eye, and looking 
through the Sight, bring the’ Shadow of the upper edg of the Shade- 
Vane to fall upon the upper part of the Slit, or open Sight in the Horie 
zon-Vane, and at the fame time look through the faid Slit for the Hori- 
zon; andif the $ea obfcure the Horizon from your Sight, then flide 
your Stght-Vane a little lower down towards fs but if on the contrary 


your 
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| your Sight doth not extend fo low as the Horizon, but if the Sky only 

| prefents it {elf to your Eye, then remove your Sight-Vane a little higher 
towards g, then make Obdfervation again, continuing to move your 
Sight-Vane higher or lower according, to thele Diredtions, until looking 
through the Sight-Vane, the Shadow fall upon its due Place, and thai 
at the {ame time you exactly fee the Horizon through the Sight in the 
Forizon-Vane, then have you the Sun’s prefent Altitude. But it be- 
ing the Meridian or greatelt Alticude that_you are’ to obferve, you mutt 
therefore continue to make Obfervations as often as you fhall think hr, 
(out efpecially you are to tend your Obfervation, when you perceive 
the Sun almoft upon the Meridian) until the Sun be to the Weltward of 
the Meridian, and is leffening his Altitude , for then if you make Ob- 
fervation, the Sky will be feen, and not the Horizon 5 and in this Cafe 

| you muft not.alter your Sight-Vane, but letting it fiand, conclude your 

| Obéervation for that feafon; then caft your Eye upon the Thirty-Arch, 
and fee how many Degrees and Minutes are cut by the in-fide of the 
Sight-Vane, and thereto add the Degrees at the upper-edg of your 
Shadow-Vane, the Sum is the Complement of the Altitude, or the 
Sun’s Diftance from the Zenith. 

Note ; The {mall Arch in fome Quadrants contains 79 Degrecs, and 
the greater 20 Degrees, whofe Sum is 9o. Thefe Arches are numbred 
and divided like the former ; and if that be well underftood, this will 
not feem obfcure, and therefore it is needlefs’to fay any more of this 
Alteration. 

And bere note, That there is a late Contrivance with a {mall Con- 
vex: Gla{s to be let into the Shadow-Vane, which may be ufed when the 
Sun is hafey, and will not firike a clear Shadow upon the Shadow- 
Vane ; then this Glafs will contract the Beams of the Sun, and reflec 
a {mall Speck of Light upon a fmall black Line drawn on the Horizon- 
Wane, which refpeG@s the Center of the Sun. And further ore, J hat 
in thofe Obfervations made by the upper-edg of the Shadow-Vane, it is 
proper to fubtraét 167, or fomewhat lefs, from the Sun’s Altitude, or 
add it to the Zenith Dittance (for the Semi-diameter of the Sun); bue 
in ufing the Glafs you are not to make any fuch Allowance, becaule the 
Spot reprefents the Center of the Sun. 
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j Rules for finding the Latitude of the Place by Obfer- 
( vation of the Sun's Meridian Altitude, or Zenith- 
va | Diftance, by help of the Table of the Sun’s Decli- 


‘a a 

Ee 3 

a. Ecaufe “tis common to work the @bfervation of the Sun, taken 
if by the Quadrant and other Inftruaments (now in ufe) by the 


, Complement of the Meridian Altitude, or the Sun’s Diftance from the 
E Zenith, I fhall therefore give Rules, illuftrated with Examples,’ for that 
purpole. 

[ | Rule 1. 


, If the Sun come to the Meridian in the South, ‘and -have South Decli- 
nation, f{ubtract the Declination from the Complement of ‘the:Meridian- 
Altitude, the Remainder is the Latitude of the Place of Obfervation 
ee Mi | Northerly : but if the Declination exceed the Zenith Dittance, then 


(|| Hey) {ubtract the Zenith Diftance fro: the Declination, the Remainder is the 
We ee Latitude Southerly, 
nest ae ne Example 1. 
pe be ae i 
! Me i Admit you are at Sea, and the Sun being, upon ‘the ‘Meridian in:the 
i He ti South, is 37° 30! diftant from the Zenith,-and at the ‘ame time hath 
+ | i ih | ae ¥2° oO South Declination : 1 demand the Latitude of the Place. 
iI j dtd ' 
sh} Poa bath) pat Wn P 
1 Pa | The Operation. 
eu et eat 


: 
ni Wt | Complement of the Meridian- Altitude — 37° 30! 


The Latitude of the P] aCe mn 


25 30 North. 
Example 


fie a The Sun’s Declination South, fubtra4t-—— 12 a0 
Wik SE? 
GH d 


Rules for waking of Obferbations: 175 
Example 2, 
Admit (being at Sea) the San being on the South-part of the Meri- 
| dian, is ro? diftant from the Zenithy and. the Declination 20° 30' 
) South: J demand the Latitude of the Place. | 


The Operation, 


The Sun’s Declination 
- The Dittance from the Zenith {ubtraét ——-—-~— 10 ©0 


The Latitude 


= 20° 30! 


emcees 
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Rale 2, 


if the Sun be upon the Meridian in the South, and hath North De- 
| clination, then add the Declination to the Zenith Dittance, theSum is 
| the Latitude Northerly, 


Example. 


Admit a Ship at Sea, and the Sun on theSouth partof the Meridian 
is 30° 30! from the Zenith, and the Declination is.25° 30! North ; 
I demand the Latitude. 


The Operation. 


The Compl. of the Altitude, or Zenith Diftance, is 30° 30’ 
The Declination added ——-——____-_. ——- 15. 30 


The Liat tt vache cise iecninsinndenin bcs ite imeeesneetetg neat ees 46 COQ North. 


Rule. 3. 


If the Sun be on the Meridian in the North, and have North Decli- 

) mation, then fubtra& the Zenith Diftance from the Declination, the Re- 

} #mainder is the Latitude Northerly: But if che Zenith Diftance exceeds 

the Declination, then fubtraét the Declination therefrom, the Remain- 
der is the Latitude Southerly. 

Z, 2 Examphe 
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Rules for working of Oblerhations, 


Example 1. 
Suppofe the Declination were 20° Northy and the Zenith Diftance 
12°30’, the Sun being upon the Meridian in the North: I demand 


the Latitude. 
The Operation. 


a—— 20° Co! 
--——I2 30 


The Sun’s Declination North 
The Zenith Diftance {ubtracted 


The Latitude cf the Place— _ 07 30 North, 
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Hae Example 2. 
| i i Suppofe the Sun’s Declination to be as before, 20° North and that 
ba being upon the Meridian to the Northwards, his Zenith/ Diftance is 
aH | 40° 15': I demand the Latitude. / 
{ + The Operation, 
The Zenith Diftance of the Sun is 40° 15/ 
The Declination North fubtract —— 20.00 
20 15§ South. 


The Latitude 


Rule 4. 


If the Sun be upon the Meridian in the North, and hath South Decli- 
nation, then add the Declination to the Zenith Diftance, the Sum is the 


Latitude Southerly. 
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Example. 


Admit the Sun’s Declination were 16° 45' South, and the Zenith 
Diftance 29° 45!; demand the Latitude, 


The: 


i A ee 


ules for waking of Dbtevkations. 
The Operation. 


The Declination of the Suh South -—-——- 16° 45! 
The Zenith Dittance add 29 45 


rd 
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The Latitude- 


Rule 5. 


if the Sun have no Declination, then the Complement of the Alti- 


tude is the Latitude of the Place; and if che Sun be on the Meridian in 
the South, your Latitude is Northerly; if in the North, Southerly. 


This needs no Example. 
Rule 6. 


If the Sun be in 
Declination either Northerly.or Southerly, is the Latitude of the Place. 


This likewife needs no Hluftration.. 


Rule 7. 


If you be within the Artick or Antartick Circles, and obferve the 
Sun upon the Meridianunder the Pole, then add the Sun’s Declination 
to the Complement of the Altitude, and fubtraét the Sum from 180", 


the Remainder is the Elevation of the Pole. 
Note. 


if your Inftrament wherewith you obferve give only the Meridian 
Altitude, then fubtra&t that Altitude from 90°, the Refidue is the 


7enith-Diftance oF Co-Altitude of the Sun ; and the Operation is the. 


fame, as inthe precedent Examples. 
For the Stars. 


yered in thefe Rules concerning, the Sun’s 


What hath been here deli 
he fame is to be underftood of any Star 


being upon the Meridian, t 
whofe Declination is known. 
Admit 


the Zenith, #. e.90° above the Horizon, then the - 
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178 Rules for marking of Dblervatiang. 

Admit you fhould obferve the bright Star Aréturus, wofe Declina- 
tion is 20° 58’ North, when he is upon the Meridian in the South, and 
find his Altitude to be 65° 25’, the Compl, thereof 24° 35" is the 
Zenith Diltances then adding 20° 58° to 24° 35’, the Sum is 45° 33/, 
the Latitude Northerly, according tothe fecond Rule aforegoing. 

Butif you obferve by any otf the Stars near the North- Pole, whofe 
Polar Diftance is fet down in the Fables of Declination ; andif they be 
on the Meridian under the Pole, add the Complement of the Declina- 
tion, Or Polar Diltance, to the Meridian Altitude found, the Sum is the 
Latitude Northerly. 

But, Secondly, if you obferve any Stax that 1s upon the Meridian in 
the North, above the Pole, then from the Meridian-Altitude of ‘that 
Star, fubtra@ the Complement of the Declination, or Polar Diftance, 
the Remainder is the Latitude Northerly: But if the Complement of 
the Star’s Declination cannot be fubtracted from his Meridian- Altitude, 
fubtraét the Meridian-Altitude therefrom, the Remainder is the Lati- 
tude Southerly. he fame may be underflood of Stars near the South- 
Pole. ' 

Here I thought it neceffary to mention fomething of the Crofiers, 
which are certain Stars that are of good ufe in the Southern Navigation 
they are fo called, ‘becaufe they do fomewhat refemble the Form of a 
Crofs, according to the annexed Figure. 


The Figure of the Conftellation called the Crofiers, 
The Head. J, Diftance'from the South- 
% A Pole 34°45 ', 


by ok 


oC 
The Cock’r-Foot, Diftance from the-South-Pole 28° 45. 
The Star at C, called the Cock’s-Foot, or rather the Crofs-Foot, 


whofe Declination, according to the Obfervation of Mr. Edmond: Haley 
at 
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at St. Hellena, is 61° 15! Southesly 5 and fo the Complement of the 


Declination or Polar Diftance, is 28° 45’. By this Polar Difance 
and the Meridian-Altitude of this Scar, when he is either above or be- 


low the Pole, you may iind the Laticude of the Place, by the Rules of: 


the Stars lat mentioned. The Polar Difiance of the Head of the Crofs 
is34° 45’. 2 

To know when thefe Stars are fit for Obfervation, hold up a Thread 
and Plummet, and’ when the Thread cuts the Star at Aand that at C 
both at the fame time, then ticy are upon the Meridian, and ht to be 
obferved. | 


SECT. V. 
The Defcription and Ufe. of the Nocturnal, . 


emy—iis laftrument-confifts of three Parts : 

J Fir, The sbroadelt and .greateft, which we amay call the un- 
moveable Part, which hath a Handle to hold it by in time of Ob‘erva- 
tion. 

Secondly, The firft moveable, or middle Part. 


Thirdly, The long Index, that ts to turn to the Pofition of thofe Stars - 


for which they are made, vig. the Guards of the Little or Great- Bear, 
The Fore-fide of the firft, or unmoveable Part, hath the Limb or out- 
ward Circle divided into twelve Months, and each Month fubdivided into 


its refpective Days, and are counted towards the left-hand, and marked _ 


with their Names, or the firft Letter thereof, as Ff for Sanuary, F for 


February, Ad for March, &c. And upon tome of them there are two. 
the outermoft of which is divided into 24 equal Parts or | 


other Circles 
Hours ; and 
Age, by which 
thereby a comp 


? 
the other into 29 Parts and a half, or Days of the Moon’s 
lh the Moon’s Southing may be known by infoection, and 
utation of the Tides. 

Of thefe Nofturnals there are two forts, one for the Guard of the 
Little, the other for the Guards of the Great Bear, or Charles's Wain, 
commonly called the two Pointers. Now. to kaow’for which of thefe 
Conftellations any Noéturnal is made, you may odferve, ‘that ‘th 


3 


Noéturnals that are for the Guards of the Great ‘Bear, -havethe 17?) of 


Eebraary on the top; and if it be forthe Guard of the Lirtle Bear, then, 
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180 Che Delcription of the RWacturnal. 
you will find the 21/? of April there. The Backfide of this part is djs. 
vided into the 32 Points of the Compafs, which are to thew the bearing 
of the Guards, thereby to know what Diftance the North-Star hath 
upon any Point of the Compafs, 

The fecond and moveable Part hath a Teoth proceeding from it,. with 
the edg continued in a Right Line from the Center, whichis to be turn- 
ed to the Day of the Month at pleafure ; and on the Superticies thereof 
is a Circle divided into24. equal Parts or Hours, which when the {aid 
Tooth is fet to the Day of the Month, and the Index turned to the Pofi- 
tion of the Guards, the freight Side of the Index will thew the Hour of 
the Night upon the faid Circle, 

The third and upper‘moveable part is called -the Index, having one 
fide thereof proceeding from the Center, which is to be turned to the 
Guards in time of Obfervation; and through all thefe pieces in the 
Center of the Inftrument is a Hole, through which you are to {ee the 


North-Star, ‘and at the fame time the Index is to be turned to the 
Guards, 


The Figures of the Stars, as they (bew themfelves in the - 
Heavens, for which the Notturnals are made. 


But if you would be better fatisfied in the Forms of the Stars in each 
Conftellation, I refer you to the new Hemifpheres and Planifphere of the 
Heavens, that are very ufeful for knowing the Stars $ fold by the Author. . 
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he Manner of holding the Notturnal ta time of 
Obfervation. 

Take the Handle in your Hand, with the. forefide towards you, hold- 
ing of it upright in your Hand, (which you may difcern by the Tip 
that is on the very top of the Nocturnal) then looking through the 
Hole in the Center to the NorthStar, you muit turn the upper edg 
of the Index (which cometh from the Center) to the Guards ; 
this being underftood, you may now proceed to the feveral Ules 
thereof. 


To find the Hour of the Night by the North-Star, and the 
Guards either of the Little or Great-Bear, and upon 
what Point of theCompafs they are. 

To perform this, you muift firft fet the Index of the fecond moveable 
Part to the Day of the Month, (then if it will not ita ay of it {elf, you 
mutt fiay it with your Thumb) holding it as you are before dire d 3 
find the North-S Star throu eh he He Ney and turn che Indexto the 
Guards, a ee upon the itcond « noveable Part, the edg of tf 
thall icut Lae hour of the Night: Ae hel cael you will find on the 
backlide what point of the Compafs th 
py know alfo what { Paliance the ! 
above or under the Pol 
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To find t the Time of the | os coming to South any Day 
of her Age, and aifo the’ Time of bigh Water that Day. 


erry | & va tr "4 aS 1. > = oe 3 al. re > & + : 
Firft, find the Moon's Age on ra moveable Part, : nd ri rig 


it, in the Cixcle of Hours, you will find the Time of ¢ 
Southing. 


WY f 


Suppote ba sae wese eight"Days old, 1 demand the Time of her 
coming to South, 
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184 The Cie of the acura. 


Therefore look for 8 on the Circle of her Age, and right again i¢ 
you will find in the Hour-Circle, almoft half an hour paft'fix of the Clock 
in the Evening, Cbecaufe that always between the Change and the Full 
fhe cometh to South in the Evening, but after the Full the cometh to the 
South in the Mornings) So having found the Moon’s Southing, if you 


= 


add thereto the Hour of the flowing at any place, it will thew you the 
time of High-water that day. 


Example. 
Suppofe that here at London, the Moon being 8 Days old, I find by 
the Nocturnal, that the Moon cometh to Southat almott half an hour 


water at the Full and Change, which makes 9 of the Clock and Hho 
half an hour paft, the Time of High-water at London-Bridg that Day of 
the Moon's Age. 

And if thofe Numbers being added together thould execed 12, 
that 12 muft be fubtracted from it, and that will be the Time of 
Full-Sea. \ 

As fuppofe the Moon thould be 13 Days old, at’ which time I Gnd by 
the Nocturnal, thatthe Moon cometh to South at 10 of the Clock, and 
Imoft half an hour, unto which if you add 3y it maketh 13 Hours and 
an half; from which if you take 12, there remains 1 of the ‘Clock, and 
almoft half an hour, the Time of High-water at London-Bridg, ace 
cording to the common Way of Computation. 


And to know the Time of Full-Sea at any other Place, I refer you to 
the Tide-Tables, Page 272. 
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The Line of Rhombs. 


The Projection of the Line of Rhombs. 


For the dividing of the Line of Rhombs, firft draw the Line A CB. 
and upon the Point C defcribe the Semi-Circle AD B. and divide “the | 
Quadrant AD into 8 equal parts: which being done, fa ioe bce 
your Coinpafies in the Point A, and with the other foot extend to e, h 
of thofe Divifions, and transfer thofe Extents unto the Line A CB. which 
will divide the faid Line into8 unequal parts , which will be 2 Line of 
Rhombs, and to be numbred with 1, 2,354, 4. unto8: and fs the 
Halves and Quarter-points of the Compafs are to be inferted, 


The Line of Longitude. 
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of a Lh ake Te Hd. 
The Projection of the Line of Longitude. 
Firt, draw the Quadrant G A B, and divide the Side C A into 60 


sarts ; then through each of thole equal parts draw Lines parallel 


al pa 3 
he Side AB, until they touch the Quadrant C By which being 


to t At any rs) 4 : 7 y z 
done, fet one footot your Compafles. in the Point G, and extend the 


Give Point of Interfection in the Quadrant CB, 


other foot unto each relpective F Olnt o : 
and then transfer them to the Line © D (which is to bet he Diftance be- 
tween © and B, or the Chord of 90 Degrees $) fo hall thofe Interfections 


divide the Line C D into 60 unequal parts, which.is called the Line of 
4 Longituae. 


The Projection of the Line of: Sines is thus to be performed 
Fir, draw the Line A C B, and upon C defcribe a Semi-Circle, and one 
of the Quadrants divide into 90 Degrees, asthe Quadrant ADC; then 
| draw a Line through each tenth Degree of the Quadrant parallel to the 
Lize ACB, itwill divide the Line D C intogo unequal parts, which 
will be a Line of Sines, to be numbred from C towards D, with 10, 205 
30, eres unto 9O. 
The Line of Verfed Sines. 
The ProjeGtion of the Bine of Verfed Sines, is thus to be effected : 
Firft, draw the Line A CB, and upon C draw the Semi-circle A DB, 
which divide into 18@ Degrees; then through each deg. drawing Right 


Lines parallel to the Line D.C, they will divide the Line A Binto ro. . 


| unequal Parts, which willbe a Line of verfed Sines, to be numbred 
| with 10, 20, 30, 40,6, unto igo. | 
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Line of Chads, 89 


"For the ProjeGtion and Divifion of the Line of Chords, you mutt firtt 


draw the Diameter AC Bin the foregoing Scheme, and upon the Cen- 


) ger C delcribe the Semi-circle ADB; which Semi-circle divide into two 
| Quadrants by the Point D,. then divide the Quadrant D A into go equal 
| Parts or Degrees 5 this being done, fet one Foot of your Compaffes in 


| the Peint A, let the other be extended to each Degree cf the Quadrant 
| AD, which Extents transfer unto the Line AC B, as you may fee the 


Arches lead in the foregoing Figure. This Line, fo divided into nine- 


ty unequal Divifions, is called a Line of Chords. After this manner 


you make it of what Radius you pleafe, and number it with 10, 20, 
30, FG, 


The Line of Tangents. 


Birt draw the Quadrant, asin the foregoing Scheme, and divide i¢ 
into 90 Degrees, and from.the Point B erect a Perpendicular Line, as the 


| dnnermoft Line T B: then from the Center C draw Lines through each 
| Degree of the Quadrant CDB, until.they touch the Line T B, and 
| thofe luterfections will divide the Line T B into a Tangent, to be num- 


bred with 10, 20) 30, Cr. 


The Line of Secants. 


Having drawn’ thofe Lines in the foregoing Scheme, through each 


| refpective Degree of the Quadrant, from the Center C, until they touch 


' 


the Line T B, extend your Compafles from the Center C to the Extre- 
mity of each refpective Line ; and the Foot of the Compaffes {till remain- 


| ing in the Point C, transfer the faid Lines unte the Line CDS, {0 thall 
| they divide the faid Line into unequal Parts, which is aLine of Secants, 
- and number them with 10, 20, 30, @e. 


Problems of Plain-Sailing by the Plamn-Scale. 
}eobiem I. 


A Ship fails N.E. by E. 108 Leagues, 1 demand the Difirence of 
Latitude and Departure. 


Bb In 


ebm 


Plath Sailing by 


In the following Problems of Plain Sailing, 


A Creprefents the Distance failed, 

A Bthe Difference of Latitude, 

BC the Departure. 

BAC the Courfe, 

ACB the Complement of the Courfe, Plate 6, Fig. 26, 


Draw the occult Line A B, take off 60 fromthe Line of Chords, and 
{weep the prick'd Archde. Set off the Courfe five Points, taken from 
the Line of Rhombs, from d toe; then draw the Line A eC, and 
fet off 108 Leagues by the Line of equal Parts, from A to C5 let, fall 
the Perpendiclar BC, and fo finifh the Triangle A BC, in which you 
will find the Diff, Lat. AB 60 Leagues ; the Departure B C 90 Leagues, 


jOroblem IT. 


A Ship fails N. E.by E.until her Difference of Latitude be 60 Leagues $ 
J demand the Diftance and Departure ? 


Plate 6. Fig. 26, 


Draw AB of the given Length, and raife the occult Perpendicular 
BC, fet off the Courfe tive Points, as in the former Problem. Draw 
AC until it meet withBC, and nith the Triangle , the Diftance is 
108 Leagues, and the Departure 90 Leagues, 


roblem IIT. 


A Ship fails N. E.by E. until ber Departure be 92 Leagues » 1 dee 
mand the Diftance and Difference of Latitnae ? 


Plate 6. F if. 27. 


Draw the occult Line A B, and raife the Perpendicular BC of the 
given Length 90 Leagues; .then upon the Point C fweep the Archde 
with the Chord of 60°, and plice the Complement of the Courfe three 
Points from dto es then draw Ce A until 1¢ meet with A B, and tinifh 


the Triangle. The Diftance is 108 Leagues, the Difference of Latitude 
60 Leagues. | 


J20blem 


the Plain Seale. 191 


jrablem IV. 


A Ship fails between the North and the Eaft 108 Leagues, until the 
Difference of Latitude be 60 Leagues 5 I demana the Courfe and De- 


parture £ 
Plate 6. Fig. 28. 


Draw AB 60 Leagues, and raife the occult Perpendicular B C, take 
off the Length of AC the Diftance 108 Leagues, and placing one Point 
of your Compaffes at A, defcribe the occult Arch, cutting the Line BC 
at the Point C, by which draw AC, and finifh the Triangle; the De- 
parture BC is 90 Leagues 5 witn a Chord of 60° {weep the “Arch d e, 
which meafured upon the Line of Rhombs, will be found five Points, 
the Courfe fought. ' 


Problem Vv: 


A Ship fails between the North and the Eaff 108 Leagues, until her 
Departure be 90 Leagues; I demand the Courfe and Difference of 


Latitude ? 
Plate 6. Fig. 28. 


Draw the occult Line AB, and raife the Perpendicular BC of the 
given Lengthy 90 Leagues: take AC 108 Leagues, and fetting one 
Point of the Compafles at C, defcribe the occult Arch, cutting the Line 
A Bat A, by whichdraw AC, and finith the Triangle. “The Courfe is 
found five Points, meafured as in the former Problem, the Difference of 
Latitude 60 Leagues. 


Problem VI. 


A Ship fails between the North and Eaft, until the Difference ef La- 
sitade be 60 Leagues, and the Departure 90 Leagues I demand the 


Conurfe and Diftance ? 
Plate 6. Fig. 58. 


Draw AB 60 Leagues, raife the Perpendicular B C go Leagues, and by 
che Points A and C draw AC, and inifh the Triangle. The Courle ts 
found 5 Points, asin thie fc urth Problem, the Diftance 108 Leagues. 
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Plain Sailing by 
jroblem VIT. 


There are two Ports that bear S.W. by S. and N. E. by N. difant 40. 
Leagues , A Ship fails fromthe Northermoft of them, furft South. and thc 
Welt by South, fometimes upon one of thafe Courfes, fometimes “pon the: 
other, wntil fhe arrive at the Southermoft Port, I demand how many 
Leagues fhe hath fatled upon one Conrfe, and bow many upon the other 2 f 


Plate 6, Fig. 29,. 


. Let A reprefent the Northermoft Port, and E the South 

their Diftance, AD the Diftance failed upon the South Cid ase 
Diftance upon the W. by S. Courfe. : | 
ft: Draw the Line AE 40 Leagues, being a N. E. by N. | 

by S. Line ; Defcribe the Ache 2, ihe off three he a pie: 
the-occult Line A D, being a South Line 5 then {weep the Red bl) andl 
fet off four Points, drawing the occult Line D FE, until ir Teer ih 
AD, and fo finifhthe Triangle ADE. The Ditiance {ailed Southis: 
29 Leagues, and W. by S. is 22 2 Leagues, : ) 


Problem VII. 


There are two Iflands that bear Eaft and Weft, and are dj 
) . ; F 
Leagues; A Ship fails from the Wi eRward N. E. by E. and abst, 
22 Leagues andabalf further, arrives at the Eaftermoft Port ; 7 Brig 
$2¢ Diftance fasled upen the firft Courfe, and what was the Second Cour fe 2 


Plate 6: Fig, 2 9. 


Let A reprefent the Weftermoft Port, E the Eaftermoft 
where the Ship altered her Courfe, making the beft of her mar on 
the 'N. E. by E. Courfe; DE the other Courfe unknown: Draw A E' 
40 Leagues, fet offan Angle of three Points, and draw AD. the N.E 
by E. Line occultly ; take the Diftance 22 Leagues and ahalf, and nae 
cing one Point of your Compaffes in the Point E, crofs the Line A Bim 
the Point D, draw DE, and finifh the Triangle. The Diftance tial 


the firlt Courfe is 29 Leagues, the Angle at E is f :; , 
the fecond Courfe is S. E. Sat cAFR co Sa 


O20blerm) 


the lain Scale. 193 


4 


2oblem 1X, 


Two Ships fail ‘from the fame Iland, the firft fails N. W. by N. 22 
peagucs and a half, the fecond W. by N. 40 Leagues, and arrive at their 


féveral Ports J demanathe Bearing and Difiance of thofe Ports. 
Plase 6. Fig.29. 


E reprefents the Iland, D the Northermoft Port, A the Weftermoft. 

Draw AE 40 Leagues, and fet off the Angle at E four Points, and 
draw DE 22 Leagues anda half 5. then by the Points D and A draw 
AD, and finihh the Triangle. The Angle at A is three Points, which 
fhews the Bearing. of the Ports to be E. N.E. and W.S.W. and the... 


Diftance A-D almolt 29: Leagues. 
roblemt X: 


‘A Bhip fails from a certain Port W.N.W.22 Leagues anda half, and 
then more Southerly 29 Leagues, and {he is forced back, again ta the. Pore 
from whence [he Came 40 Leagues | demand ber. C ourfe from the fecona 


Place to the third, and how fhe fteer'dback again? © 
| Plate 6, Fig. 29- 


E reprefents the firft Port, D the Place where the Ship altered her» 
Gourfe, A the Place where fhe was driven back. 

Draw the Line D E22 Leagues and a half, take the. Diftance A.D 
29 Leagues, placing your Compaffes in D, defcribe. the occult Arch at 
A, and take the Diftance A E go Leagues 5 defcribe another occult Arch 
from E, croffing the former in the Point A; draw AE and A D, and 
fnifh the Triangle. . The Arch mn is 9 Points, therefore tle Courfe — 
from the fecond Place to the third, is S; W. bys. and fhe ficered back . 
again to the firft Port E. N. E. 


Here follow fome Problems of Mercater’s Sailing, wrought two ways. 
Fir, By the Plain Scale only, by taking the middle Latitude; which 
is not exactly true, but may ferve as: an Approximation in a fingle - 
Courfe, provided the Diftance be but (mall, otherwile tis too grols. 
The fecond way is by the Meridional Parts, which will be exact acs - 


cording to the Capacity of the Inftrument. mn 


ae 


Che Cite of the lan Scale 


Lhe Ufe of the Plain Scale in Mercator’ s Sailing 
by the middle Latitude, 3 


j2vobiem T. 


A Ship being in the Latitude of 40°, fails aN. Wefterly Cour fe. until 
Ip Obi#g rit pF erty : 
fhe come suto the Lat..45° 30!', the Difference of Longitude go Leagues 5 
‘E demand the Courfe, Diftance, and Departure ? 


Plate 7. Fig. 30. 


For the Solution hereof by the: Plain Scale, firtt draw the Line AC B, 
and upon the Center C defcribe the Semi-circle A D B, and crofs.the 
“Line AC B at Right- Angles with the Line EC D ; then tind the mid- 
dle Latitude, by taking the half-Sum of both Latitudes added together, 
which you will find to be 42° 45', which middle Latitude fet off from 
D to M and L both ways, and draw the Line M L ; then fet the Diftance 
D F from B to G, then fet off the Difference of Latitude 110 Leagues 
from B to H, and from Gto A, and upon the Point A erect a Perpen- 
dictilar, as AK, and from A fet off the Difference of Longitude in 
Leagues, whichis 90.3 frorn the Point K draw the Line K G, then from 
the Point H ere¢t ay occult Perpendicular, as the Line HI > then laying q 
Ruler from the Point B to the Point-E (where the Line B K doth cut the 
Line EC) and draw the Line BI; then upon the Point B deferibe the 
occult ArchC n, which being meafured on the-Line of Chords, will be 
found tobe 31, or two Points three Quarters, which is the Courfe ree 
quired, N. N. W. three Quarters Welterly: and the Line B I jc the Dis 
fiance required, which being meafured upon the Line. of Leagues, will be 
found to be 129 Leagues, and the Departure H 1 66 Leagues. 


}O2a0ble1. IT. 


4 Ship being in the Latitude 40° North, fails NN. W*2. (or yh 
Wefterly) natil fhe come into the Latitude of 45° 30's I demand the 


Diftance run, the Difference of Longitude, and the Departure ? 
Plate 7. Fig. JO. 


In the Solution of this Problem by the Plaiz Scale, draw the Linc AB 
atany convenieut Length, and upon C defcribe the Semi-circle A D B, 
| and | 
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i Mercator’s Sailing. 

and find the middle Latitude as before, and fet ic off from D to M and L, 
and draw the Line M L, and upon the Point B. defcribe the obfcure Arch 
Cn, and fet off the Courle given, (which is two Points three Quarters, or 
¢r°and a Quarter) from C to n, and fet the Diftance C F from C toG, 
and fromB fet off the Diflerence of Latitude 110 Leagues, and the fame 
Diftance ftom G to A, and from the Points H and A erect the two Per- 


pendiculars HI and A K then through the Point n, draw the Line BI, ° 


which being, meafured in the Scale of Leagues, will be found to be 129 3 
then laying a Ruler from G tothe Interfection of the Lines at B, draw 
the Line GK, and note where it interfecteth the Line A K, which is at 
K: So the Diftance AK. being meafured upon the Scale of Leagues, will 


be found to be 90 Leagues, the Ditference of Longitude fought, and’ 


H Ithe Departure 66 Leagues. | 
Jahier IIT. 


A Ship: being inthe Latitude 40° North, fails between the North and ~ 


the Weft, until [he arrive to che Latitude 45°30', and that her Diftance 


run be 129 Leagues; I.demand the Courfe, Difference of Longitnds, . 


and Departure & 
Plate 7. Fig. 30." 
j 


For the Solution .of this Problem, fir draw the Line A CB at any 
convenient Length 3- and upon C defcribe the Semi-circle A D B, and fet 
off the middle Latitude as before, and likewile the Diftance C F from 
CtoG, alfo the Difference of Laticude in Leagues from Bto H, and 
from G to A; then erect the two Perpendiculars at H and A, then take 
the Dittance betwen the Compaffes, and fetone Foot of the Compaffes 
inB, and extend the other Foot towards I, until it doth interfect the Per: 


pendicular at H in the Point !, and draw BI; then laying a Ruler upon © 


the Point G, unto the InterfeCtion of the Lines at E, draw the Line 
GK, and note where it doth interfe&t the Perpendicular at A, which 
will be at K3 then the DiftanceK A being meafured-on the Scale of 
Leagues, will be found to be 90, the Difference of Longitude fought,: 
Then for finding of the Courfe, with the-Radius of your Scale draw: 
the obfcure Arch Cn, and that being meafured on the Line of Chords, 
will be found to be 31°, or two Points three Quarters, the Courfe re- 
quired, whichis N, N. W. three Quarters Wefterly, and the Departuie 
H166 Leagnes. 


robles 


193° 


ins Te. ll a. 


Y 96 Che Cile of the 


lain Scale 
‘juablem IV. 
4 Ship being in the Latitude 40° North, fails N.N-W. 3.(or 7°) 


W. 129 Leagues; I demand the Latitude of the fecond ‘Place, the Dif- 


ference of Longitude, andthe Departure ? 
Plate 7. Fig. 306 


‘For the Solution of this Problem; ‘firft draw the .LineBA of any 
convenient Length; then from one end thereof, as B, defcribe the occult 
Arch Cn, and fet off 31°, or two Points three Quarters from C to 
n 5 then-by the Point n draw the Line BI, the Diltance 12 9 Leagues, 
and from the end thereof, asat I, let fall the Perpendicular 1H >\ then 
meafure the Diftanee H B, which you will find to be j10 Leagues, 
or 5° 30/5 the Latitude of the fecond Place is 45° 30’. Then ha- 
ving the two Latitudes, find the middle Latitude, as is before direGted ; 
then upon the ‘Line BA, and upon the Center C, defcribe the Semi- 
circle BDA, and drawing the Line D-E from the Point D, fet off the 
middle Latitude 42°45’ both ways, to Mand L, and draw the Line 
ML; then take the Diftance DF in your Compaffes, and fet it off 
from B to G, and from Hea A; then upon the Point A ere& an occult 
Perpendicular, as MK; then by the PointE, draw the Line GK, till 
i¢-interfect the Perpendicular at K; then draw A K, which being mea- 
fured -in the Line of ‘Leagues, will be found to be go Leagues, 
or. 4° 3Q/, .the Difference -of Longitude, and HI the Departure 67 
Leagues. | 


JOroblem V.. 


A Ship being in ihe Latitude 40°, fatls in that Parallel, until ber 
Difference of Longitude be 6° ; I demand her Diftance run? 


This Queftion is ufvally demonftrated among the Problems of Afer- 
cator’s Sasling, by a Scheme drawn for that purpofe, differing from that 


A 


already defcribed ; Lut we. fhall.here thew the way how to refolve this 


Problem‘by the Line of Longitude on the Plain Scale. 


‘It isto be underftood, that, according to the Globe, the Meridians 
O encline nearer together, until they concur and interfeét each other 
in the Poles, fo that thereby the Degrees of Longitude are not 60 of 
the Eguino¢tial Minutes in any Parallel on the North or South. fide 


of 


d 
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of the Equinoctial , but the nearer to either of the Poles you approach, 
| the more they decreafe ; fo that in the Latitude of 60 deg. there are bur 
»30 min. of the Equinodtial to one-Degree of Longitude 5 and in the 
» Latitude of 84 Degrees, there are but 6 Minutes, which doth fhew the 
| Errors of the Plain Chart: And therefore in failing, it ought te be recti- 
) fied according to the Globe, and tothat end was this Line of Longitude 
contrived, which is thus to be ufed. 

If you defire to know how many Minutes there are in a Degree of 
Longitude in any Latitude, you mutt extend the Compaffes from the 
Center in the Line of Chords, to the Degrees of the Latitude of the 
Place, and the fame Extent will reach from the Center at 60 on the Line . 
of Longitude, to the number of Minutes anfwering to a Degree of 
Longitude in that Latitude. 

Therefore for the Solution of the fifth Problem here propofed, extend 
your Compafles upon the Line of Chords, from the Center to the La- 
titude of the Place, whichis 40°, and the fame Extent will reach from 
the Center at 60, in the Line of Longitude, to 46, which fhews that 
40’ make a Degree of Longitude in that Latitude; which 46 being mul- 
tiplied by 6 the Degrees of Longitude, gives 276’, the Diftance run, 
which was required. 


Prohiem VI. 


A Ship being in the Latitude of 40°, fails in that Parallel 2706's 
I demand her Difference of Longitude ? 


For the Solution of this Problem,. find how many Minutes make a 
Degree of Longitude in the Latitude of 40°, (as in the laft Problem) 
which is 46; therefore if you divide 272 (the Diftance run) by 46 
(the Miles in a. Degree of Longitude in that Latitude) the Quotient 
will be 6°, the Difference of Longitude required, 
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198 Che Aic of the Plain Sate: 


Another Way to work Mercator’s Sailing by the Plain 
Scale, and the Meridional Parts, 


oblem fF. 


A Ship fails N.N.W. from the Latitude 49° North, to the Latitude 
42°20! North: I demand the Diftance failed, the Departure, and 
Difference of Longitude ? 


Plate re Fig, 3I. 


Having the two Latitudes 40° North, and 42° 20! North, find the 
Meridional Difference of Latitude by the Table of Aderidional Parts, 
which is 186°, and fubtraGiing the one Latitude from the other, the 
Difference is 2° 20’, or 140/. 3 

To work ‘this Problem, draw the Line A bB 5. then splace 140 from 
A tob, and 186 from A to Bs -raife the two occult Perpendiculars, b ¢ 
and. BC, fet off the Courle two Points, and. draw the Line AcC, 
producing it until i¢ cut both the Perpendiculars in the Points c and 
C, and fo finith the two Triangles Abc and ABC, The Diftance 


Ac is 1§2/,, the Departure b-c 58, and the Difference of Longitude 
/ 


jProblem IT. 


A Ship fails from the Latitude 40° N. to the Latitude 42° 20'N, 
until ber Difference of Longitude be 77! Wefterly 5 I demand the Courfes. 
Diftance, and Departure ? 

Plate 7. Fig. 31. 


The Meridional Difference of Latitude 1S5. aS 
the proper Difference of Latitude 140/, 

Diaw A B 186!, place 140! from A to b,. raife the PerpendicularBC 
of his given Length 77’, and alfo the occult Perpendicular hc; by the 
Points A and © draw AC, and finith the two Triangles. The Courfe, 


the Angle at A, is two Points, or N. N. W. the Diftance Ac 1 52!, 
the Departure 58/, 


in the firft Problem, 186’, 


P2ablem 


The Cle of the lain Scale. £99 


}Pxroblem IIT. 


Ship fails Wefterly 152' from the Latitude 40° North, to the Lati- 
| nde 42° 20° North 5 1 demand the Courfe, Departure, and Difference 
| of Longitude ? 


Plate 7. Fig. 3, 


The Meridional Difference of Latitude is 186 Minutes, the proper 
| Dif. Lat. 140 Minutes. 

Draw A B186', and A b140, as before, and raife the two occult 
| Perpendiculars bc and BC; take the Diftance 152’, and placing one 
) Point of your Compaffes in the Point A, crofs’the occule Line b c in the 
| Point c, anddraw Ac, producing it untili¢ concur with BC, and finith 
j the Triangles. The Courfe is two Points, or N. N.W. the Departure 
@ 58’, the Difference of Longitude 77’. 


jroblem IV. 


| AShip fails N. N.W. 152', from the Latitude 40° North, I de- 
) wand the Latitude, Departure and Difference of Longstide ? 


Plate 7, Fig. 31. 


Draw the occult Line A B, and fet off the Courfe two Points, and the 
| Diftance Ac 151! let fall the Perpendicular b c, and fo finith the Trian- 
}gleAbc. Then Ab willbe found 140’, or 2° 20', which makes the 
) other Latitude 42° 20’, by which you will find the Aerid. Parts to be 
1 186’. Place 186! from A to B, and raife the occult Perpendicular B C, 
/ until it meet with Ac C continued, and fo finifh the Triangle A BC. 
|The Departure bc is 58 min. The Difference of Longitude BC 
(77 min. | 


Problems of Great-(ircle Sailing. \ 
}roblem I. F 


ie 
asi Re 
Ny Fae ce 


Two Places both in one Latitude, the Difference of Langwmmt pesre si - 

\ wen, to find by what Latitudes and Longituaes the Arch paffes, and she 
Courfes and Diftances from Placeto Place, inthe Arch of a Great- ivcle. 
Cc2 Example, 


Ul 


ii 
(} 
it 
Hi | 
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Example. 


Suppofe the Lizard and Pengusn-Iiland on New-found-Land, both 
in the Latitude 50° North, the Difference. of Longitude betw 
47° I demand by what Latitudes and Longitudes t 
the Courfes and Diffances from Place to Place ? 


een them 


he Arch paffes, and 


Plate 7. Fig, 32. i. 


Draw the Line A E, and place the Tangent of 40° the Complement 
of the Latitude from AtoB ; with 60° of the 


| M Chords {weep the Arch 
DE, and fet off 47°, the Difference of Longitude from. E to D, and 
draw the Line AD, and place the Tangent 40°, the Complement “of 


the Latitude from A toC; then draw the Line BC upon the Arch 
DE, fet off every 5° fromE to D, and draw the prick’d Lines, A b, 
Ae, Ad, @c. and where thefe Lines interfe4 B C, place the Letters, 
b,e,d,f,g,@c. The Diftances, A b, Ae, Ad, &ec, being meafured 


on the Line of ‘Tangents, are Tangents Complement of the Lati- 
tude, as follow. 


| Compl. Latit. | The Latitudes, - 

{1 Ab 39 ea Sat 
Ae 38 as bon 51 = 
Ad 38 im 52 
A f sya ne 52°. 
A g 37 a 2 5243 
; mul a2e : 2 52 = 

O (S) 2 

Au Af: 3. x : 
f z o sl 5 

ae NS Gale 39 a 5° 5 


| 


Thefe are the Latitudes by which the Arch paffes at every 5° of Long. 
from B reprefenting the Lizard, to C which reprefents the J/land. 

Having thefe Latitudes and Longitudes, you may tind the Courfe and 
Diftance from Place to Place, according to Mercator’s Sailing. 

Ac is the Tang ent Compl. of the: gteateft Latitude by . which the 
Arch paffes, 52° 4, | 

So the Latitudes and 


id Longitudes of the feveral Points, b,e, d,.@e. 
are as follow 3 likewile tl 


1€ Courfes and Diftances from Place to Place. 
D, Long. 


in Heat Circle Satling. 


|? Pad Places. Courfes. 1 Dit| 
B | 
ib ‘From B tob | W.N.W.4 W.1[208 
° —— b toe | W.N.W.4.W.|206 
d '—— e tod | W.N.W.. W. | 206 
if j—=— ad tof | W.N.W.2 W. |206 
ig f—— f tog W. 182 
in _~— g ton W. by S. + W. 154 | 
Lo ——ntoo |W.byS5W-]154 
;u oar 9.10.0 Ws. W.3W. || 
|i (ora xh W.S.W. + W.1186 
iC — i acl W.S.W. 79 | 


\ 
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Problem IT. 


Two Places differing both im Latitude and Longitude, to find the Lat. 


and Long. by which the Arch paffes, and the Courfes and Diltances from 
Place to Place. 


Example. 


Suppofe the two Places to be 7 lvinity- Harbour in Virginia, in the 
} Latitude 36° North, and the Lizard in the Latitude 509 North, the 
| Difference of Longitude between them 68 deg. 1 demand by what 
| Latitudes and Longitudes the Arch paffes, and likewife the Courfes and 
Diftances from Place to Place. 

Plate 7, Fig. 33. 


Draw the Line AF, place the Tangent of 40°, the Complement of: 
the Zizard’s Latitude, from ‘A to; -with6o° of the Chords detctibe 
the Arch EF, placing 68 deg, from F to E, drawing. the Line AE; 
| then place the Tangent 54 deg. the tamer of _Trinity- -Harbour’s 
| Latitude from A to B, and draw BC, letting fall the Perpendicular A d 5 
then fet off every 5. deg. from E towards F, (becaule we fail from B) 
draw the prickt Li ines, A1,.A2, Ge. the Diftance, Ar, A 2, A 3, Ce. 
meafured on the Line of Tangents, gives the Complements of the ‘Lati- 
tudes by which the Arch paftes at every 5° Difference of Longitude from 
B, reprefenting Zrinity-Harboxr, towards C, which is the Lizard, 
The 
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The Courfes and Diftances from Place to Place, wrought | 
by Mercator, are as follow in the Table. : 


| Places. 


From B to 1 
From 1 to 2 
From 2 to 3 
From 3 to 4 
| From 4 to 5 


From § to 6 
From 6 to 7 
From 7 to 8 
From 8 to 9 
From 9 to 10 


SEES po 


From 11 to 12 
From 12 to 13 
}From 13 to © 


> SSeS era 


s e 


iFrom yo to 11 |E,| 


in Oreat Circle Sailing. 


ne a eee 


Courfes. Diftances, 


od 


| 
hoe 
N. E. by E. 
N. E. by E. +E} 
N.E. by E. +E. | 
E.N. E. | 


es 


| 
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303 
271 
264 
24 

236 
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Aftronomical Problems wrought by the Plain Scale. 


ibe Sun's Place or Diftance from the next Equinottial Point, andthe: 
kreateft Declination being givens to findthe prefent Declination, 


E xample, 


TheSun’s Place is 26 deg. 3 of Taurus, that is, 56 deg. 4 from the 
Equinotttal Point Aries ; 1 demand his Declination ? 


Plate 8. Fig. 34. 


With the Chord of 60 deg. defcribe the Semi-circleB D C, and raife 
the Perpendicular A D, and from the Point G {et off the greateft Decli- 
nition 23 deg. 5 from Cito E, and draw the Line AE; then for the 
Sun’s Longitude fet off the Sine 56 deg. 3 upon the Line A E, from A 
to F 5 then from the Point F, take the neareft Diftance FI to the Line- 
A CG, which meafured on the Line of Sines, is 19 deg. + 5 or elfe through 
the Point F drawGH, parallel to BA C3 then A Gmeafured on the 
Sines, or C H on the Chords, gives 19 deg. 2, the Sun’s prefent Decli-. 
nation Northerly. . 


{Poblem I. 


The Sun's greateft and prefent Declination being givens to find his 
Place or Longitude, 
Example. 


The Sun’s Declination is 19° 2.North, increafing ; the ereateft De- 
clination (as before) 23° 2: I demand the Sun’s true Place. 


Plate 8. Fig. 34, 


Draw B Cy and defcribe the Semi-circle B D C, raife the Perpendicular 
AD, and draw the Line A E, asin the former Problem ; place the Sun’s 
Declination 19 deg, 2 from B and © to Hand K; draw the Line H K, , 

which } 
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iwhich interfeéts AE in the Point F: the Diftance AF is a Sine 56° 3, 
ithe Sun’s Diftance from Aries; fo that the Sun’s Longitude is 26° - of 
\Tanrus. 


Oroblem IIT. 


The Suns Place and greateft Declination being given, to find his 
| Right-Afcenfion. 
Example. 


| ‘The Sun’s Place is 26° 4 of Tauras, the greateft Declination as before ; 
II demand his Right-Afcenfion. 
Plate 8. Fig. 34. 


| Defcribe the Semicircle, draw A D and A Eas before, place the Sine 
156° 3, the Sun’s Diftance from Arses, from A to F ; through the Point 
iF draw the Parallel HK; then is F G the Sine of the Right-A/cenfion, 
1G H being Radius, which you: may meafure after this manner: Place 
the Diftance HG from A too; upon gas aCenter, with the Diftance 
FG, defcribe the occult Arch atm; d@ Ruler laid from A until it touch 
the Arch, will cut the Semicircle BDC in the Point N3 the Arch CN 
lis the meafure of FG 54° 4, the Right-_A/cenfion. 


Problem IV. a 
| The Suns Declination given, (the greateft Declination being known ) b 
ito find the Right-Afcenfion. 2 4 


Example. 


The Sun’s Declination is 19° 2. North increafing; I demand the 
\Right-Afcenfion, 
Plate 8. Figs 54. 


| Deferibe the Semicirle BDC, and draw the Line ADand A E as 
before 3 place the Declination 19° 4 from B and C to H and K, drawing a 
HK; FG being meafuredas in the third Problem, gives the Right- 4 
Afcenfion (as before) 54° < | 


Pe {odie 
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i j220blem V. 


“7 ° 5 7, a : ¥ 
The Latitude of the Place,/ and the Sun’s Declination being given, te 
find his Amplitude. 

Example. 


In the Latitude 51° + North, the Suns Declination being 17° 3.N, 
I demand the Sun’s Amplitude ? 


Plate &. Fig, 35. 


Draw BAC, and the Semicircle BZC, the Perpendicular A 7 ; 

, place the Latitude or height of the Pole 51° + from Cto P, and draw 

A Ps fet off the Complement of the Latitude 38° + from B to Q, and 
draw A Q the Equinoctial 5 place the Chord. of the Declination 17° 3. 

from Q to D, and the Sine thereof from A to G, and draw the Pa. 

ralle] of Declination DF. AF meafared on the Line of Sines is 2 Derss 
the Amplitude required. | 


Wrablem VI. 


The Latitude of the Place, and the Sun's Declination being given, to 
find the Afcenfional Difference. 


Example. 


In the Latitude 51 deg. + North, the Sun’s Declination 17 deg, 3 
North 3 [demand the A{cenfional Difference. 


Plate 8. Fig. 35. 


Defcribe the Semi-circle BZC, and draw the Lines A Z,. AP, 
AQ, and DF, asin the fifth Problem ; F Gis the Sine of the A{cen. 
fional Difference to the Radius D G, which is thus meafured: Place 
DG from A too; upono, as aCenter, with the DiftanceF G de- 
{Cribe the ArchatE; a Ruler laid from A until it touch the Arch, 
gives the Point]; and BI 23 deg, + is the Meafure of the’ Afcenfional 
Difference. - 


What the Afcenfional Difference is, and the ufe of it, may be feen 
, Prob. 5, 6, and 7. Chap. 8; 


Doble 
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{ohlcm VIL. 


The Latitude of the Place, and the Sun’s Declination being given, to 
| find when the Sun fhall be dus Eaft or W eft. 


Example. 


In the Latitude 51° North, the Sun’s Declination 17° 4 North; 1 
demand at what time he fhall be due Eaft or Weil. 


Plate 8. Fig. 36. 


Defribe the Semicircle B'Z C, and draw the Lines AZ, AP, AQ, 
and D O, as before 3 E O is the Sine of the time from 6, that the Sun 
is Faftor Weft (tothe Radius DO) to meafure which, place D O from 
A toa, and upon the Center a, with the Diftance E O defcribe the 
Arch at g3 a Ruler from A, until i¢ touch the Axrchy gives the Point L, 
and BL 14 deg. % is the meafure of EO, which reduced to time 
(Vid. Prob. 7. Chap. 8) makes 59/5 which fhews that the Sun is due 
Faft at 59! paft 6 in the Morning, and due Welt at one minute pafi 5, 
or 59 min. before fix at Night. , : 


jProbiem V ITT. 


The Latitude of the Place, and the Sums Declination being given, to 
| findthe Altitude of the Sun, being due Eaft or Weft. 


Example. 


In the Latitude 51° + North, the Sun’s Declination being 17° 4.N- 
I demand the Sun’s Altitude, being due Baft or Welt. 


Plate 8. Fig. 36. 
Defcribe the Semicircle BZ C, and draw the Lines AZ, AP; QA, 


and DO, as before. AE being meaiured on the Line of Sines, is 23° 
feré, the San's Altitude being due Batt or Weft. 


Dde2 | Jotient 
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jrablem TX. 


The Latitude of a Place, and the Sun's Declination being given, te 
find the Sun’s Altitude at fix. 


Example. 


In the Latitude 51° 2 North, the. Sun’s Dechnation being 17° +N, 
I demand his Altitude at fix. 
Plate $. Fig. 36. 


Deferibe the Semi-circle B ZC, draw the Lines AZ, A, Q andDO, 
and through the Point O draw the Line Lob, parallel to BC; BL 
or Cb meafured on the Chords, or AI onthe Sines, gives 13°23, the 
Altitude of theSun at fix. 


JOroblem X. 


The Latitude of the Place, and the Sun's Dechination being given, te 
find the Suns Azimuth at fix. 


Example. 


In the Latitude 51° 2 North, the Stin’s Declination 17° 4 North; 
i demand the San’s Azimuth at fix. 
Plate 8. Fig. 36. 


Defcribe the Semicircle B ZC, and draw the Lines AZ, AP, AQ 
and DO, as before: draw L ob as in the ninth Problem: Io is the 
Sine of the Sun’s Azimuth to the Radius IL, which is thus meafured ; 
place [L from A toe. with the Diftance To upon the Center e, de- 
fcribe the occult Arch atd; a Ruler laid to touch the Arch, gives the 
Point b, and C b meafured is 11 deg, + the Azimuth from the Eaft or 
Weft. Sothat the Sunis E, by N. at 6 inthe Morning, and W. by N. 
at 6 at Night. | 


Jroblem XI. 


The Latitude of the Place, the Sun's Declination and Altstude given, 
to find the Suns Azimuth. 


Example, 


MAtcoramical Problems. 209 


Example. 


Ia the Forenoon, in the Lat. 51 deg. + North, the Sun’s Declination 
i¢ 20 deg, +N.and his Altitude 43 deg, I demand his Azimuth. 


Plate8. Fag. 37- 


OR Sa en OR ee aes Ze = 


le BZ C, and draw. the Lines AZ, AP, AQ 

| and DP, the Parallel of Declination, as in the former Problems 5 place 

| the Altitude 43 deg. from B and C to dande, and draw the Parallel de, 

| which interfeéts the Parallel D F in the Point .G. 1G is the Sine of 

| the Sun’s Azimuth from the Eaft towards the South, Id being the: 
| Radius ; which to mealure, place Id from Atos, and thereon with 

| the Diftance| G defcribe the Arch at f; a Ruler laid from A to touch : 
| the Arch, gives the Point h, Bh, 24 deg. 4 is the meafure of I G,. Eaft 

| Southerly.  So.that the Sun’s Azimuth is §. E. 65 deg. +. 


« JOroblem XII. 


The Latitude. of the Place, the Sun’s Declination and Altitude being: 
given, tofind the Hour from Noon. 


Pefcribe. the Semicirc 


ati 


Example. 


‘n the Latitude 51 deg. + North, the Sun’s De- - 


In the Afternoon, 
, the Alticude 43 deg. I demand the Hour. . 


clination is 20 deg. + 


Plate 8. Fig. 37-. 


and draw the Lines AZ, AP3 AQ,. 
DF, and de,as in the 11th Problem: FG is the Sine of the Hous - 
| from fix, which to meafure, place DF from A tou, and thereon with 
| the Diftance FG fweep the Arch at K; aRuler laid to touch the Arch, ie 
| gives the Point 0, andC o is the meafure of F Gas deg. which xe-. - 14 
duced into Time, gives three Hours, the time Afternoon. : 4 

' 


Defcribe the Semi-circle B'Z C, 


peso cilia meen 


SECT. 


tw en tetra rites ne — 


The fe of Gunter’s Scale. 


Shallnot fay any thing of the Defcription of this Seale, nor of the 
A Projection of the Lines thereon, being the Logarithms of Numbers, 
Sinesy Tangents, Ce. placed upon a Scale. This is fufiiciently .ex- 
plained by Mr. Gunter, Mr. W, ingate, and others, 


To find awhole Number on the Line of Numbers. 


Among the figured Divifions look for the fir Figure of your Num- 
ber 5 then for the fecond Figure, count Many tenths for the long 


Divitions on towards theend ef the Rule, as the Units in the fecond 


Figure amount to ; then for the third F igure count from tke laf 


tenth 
fo many Centefims as the Figure hath Units ; and fo likewife for the 


fourth Figure, ‘count from the laft Centefin fo many Millions (or Thon- 


fands) as the fame fourthF igure contains Units ; this done, that hal} 


be the Point where the Number propounded is ptefented on the Line of 
Numbers. 


- The Number given being 12, to find the Point on the Line of Num- 
bers that doth reprefent the fame. 


Therefore accordingto the Rule, 1 being the firft F igure of this 
Number, I take the Divition at the Figure 1 (in the middle of the Line) 
for the firft Figure; then the fecond F igure being 2, I count two tenths 
from that 1, and that is the Point reprefenting 12, where commonly 
there is a {mall Brafs Center, becaufe ’tis often in ufe. 


Sappofe the Posut reprefenting 14.4 were required to be found “pon the 
Line of Numbers, | 


For the firft Figure in the Number being 1, I take (as before) the 
middle 14 then for the fecond Figure which is 4, I count 4 tenths on- 


wards, 


| — The ile of Gunter’s Scale. 21% 
wards, and from that tenth I count 4 Centefms, cr hundred parts further, 
fand that is the Point reprefenting 144. | 
| To find the Point reprefenting 1728, firft (as before) for 1000 I take 
iz in the middle of the Line; fecondly, for the fecond Figure being 7, 
X seckon feven tenths onwards, and that is 700; thirdly, for the third 
Figure being 2, Lreckon 2 Centefins from the 7 tenths, which repre- 
fenteth 203 and then laftly, for 8 you may reafonably eftimate 8 
‘Millions, on thoufand parts, from the laft two Centefms, and that 
(Point lait found willbe the Point reprefenting, the Number 1728. 


To find a Frattion, or broken Number on the 
Line of Numbers. 


The Fractions that are to be foundon theLine of Numbers, ought 
Jalways to be Decimal Fractions, $2, to>, isos (OF 1, OF, oo1) 
leither Inches, Feet, Yards, Perches, ox of any other Denomination 5 all 
I other FraGtions mult be reduced into Decimats; and being thus con- 
| fidered, they are ewprefied as whole Numbers upon the Line. 


Note. 


If youcall 1 at the beginning of the Line one tenth of any. Integer, 
| then 2 following, muit be two tenths, 3 three tenths, @c. and the 1 in 
s the middle, one Integer ; 2, two Integers, Gc. and the 10 at the end 
| muft be 10 Integers. 

But if one at the beginning be one Integer, then 1 in the middle 
} muft be 10 Integers, and 10 at the farther end 100 Integers and all 
| the intermediate Figures, 20, 30, 40) 50, 60, 70) 80, 9% fo ma- 

ny Integers , and every longeft Divilion between, a5 21, 22, 435 24% 
25,26, Oc. fingle Integers ; and the fhortefi of thole Divifions, tenths 
of thofe Integers; and {o in proportion, aS j-z, 15 19% 100. 10) 109, 
1000. 100, 1000, 10000, @c. ~ 


Johient I. 


L 


Two Numbers being given, to find a third Geometrical Proportion, 


and to athird a fourth, andtoa fourth afifih, &c. 


a 


{ 


Example 


Che ile of Gunter’s Dcate. 


Example. 


‘Let the two Numbers ‘given be 2 and'4, unto which it is required to 
find a third Proportional, gc. Therefore for the performance hereof 
by the Line of Numbers, extend the Compaffes from one of the Num- 
bers given to, the other; this done, if you apply the fame Extent either 
upwards or downwards from either of the-Numbers propounded, the 
moveable Point of the Compaffes will fall upon the third Proportional 
required 5 and fo the fame Extent being applied the fame way, from the 
third, the moveable Point of the Coinpaffes will fall-upon the fourth 
Proportional, and from the fourth’ to a fifth, @c. and fo to more, as 
you pleafe:. for if you extend the Compaffes from 2 to 4, and turn the 
Compafles upwards, with one Point re(ting on 4, the moveable Point 
will fall on 8, the third Proportional, and from 8 to 16, from 16 to 
32, from 32 to 64, and fo forward. 


Problem I. 


One Number being given to be multiplied by another Number, to find 
the Produd. 

To refolve this Queftion Arithmetically, whether by natural or arti- 
ficial Numbers, the Proportion is, As ris to the Multiplicand, fo is 
the Multiplier to the Produ. 


Exam pl Ce 


Let the Maltiplicand 8 be'multiplied by § the Multiplier ; extend 
the Compaffes on the Line of Numbers, from 1 to the Multiplicand ; 
the fame extent being applied the fame way from the Multiplier, will 
caufe the moveable Point to fallon the Produ@ + for if you extend the 
Compaffes from 1 to 8, the {ame extent the fame way will reach from 
5 to go: and fo if you would now multiply any Number by 8, as the 
Compaffes now ftand, it is but placing one foot in any Number given, 
and the moveable Point will fall on the Product, as if you place one 
foot in 9, the other will fall in 72, and fo from 8 it will fallin 64, and 
from 7 to 56, and from 6 to 48: the extent of the Compaffes may be 
taken from ro at the further end of the Line, which you may call 3. 


ID20bien 
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Wroblem TTL. 


One Number being given to be divided by another Number, to find the 
Quotient. ers oN ae 

Por the Refolution of this Problem, the Proportion is thus 5 As the 
Divifor is to 1, fo is the Dividend to the Quotient, 


Example, 


Let 40 he the Dividend, and let the Divifor be 8s therefore extend 
the Compaffes on the Line of Numbers from the Divifor 8 to 1; this 
done, the fame Extent the fame way fhall reach from the Dividend 40 
tothe Quotient, whichis 5. 


Another Example. 


Let 750 be a Number given, to be divided by 25; therefore extend 
the Compaffes downwards from 25 to 4, then applying that Extens the 
fame way from 750, the moveable Point will fall apon 30, which is the 
Quotient required. 


Now to know of how many Figures any Quotient ought to confiff : 


It will be neceffary to obferve how many Times the Divifor may be 
written under the Dividend, according to the Rules of Divilion 3 for of 
fo many Figures fhall the Quotient be compofed. | 

For Example, 12231 being given to be divided by 27, which {aid 
Number may be written, according to the Rules of Divifion, three 
times under the Dividend ; therefore the Quotient (hall conlift of three 


Figures, and fo of any other. 


jOroblem IV. 


Three Numbers given, to find afourth in a direct Proportion, as in the 
Rule of Three Direct. 
To refolve this Problem, the Proportion is thus; As the firft Number 
given is to the fecond, {0 is the third Number to the fourth. 
To perform this on the Line of Numbers, you mutt extend the Com- 


paffes from the firtt Number hie given, to the fecond ; which oo 
Be that 


a 


poe 


= reser = 
Ps ree 


— 
Ce a 


<n e 
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that Extent being applied the fame way from the third Term, will caufe 
the moveable Point ¢o fall on the fourth Term required. 


aad 


Example 1. 


If the Circumference of a Circle, whofe Diameter is 7 Inches, be 22 
Inches; what Circumference will a Circle have whofe Diameter is 14 
Inches ? | 

Therefore extend the Compaffes in the Line of Numbers from 7 in 
the firlt Part thereof, unto 14 in the fecond; this done, the fame Ex- 
tent being applied the fame way from’22, will make the moveable 
Point to fall upon 44 Inches, the Circumference required, 


Example 2 


Let the Circumference of a Circle be 22 Inches, and the Diameter 
thereof 7 Inches; how much fhall the Diameter of a Circle be, whofe 
Circumference is 4.4 Inches ? 

Extend the Compafles downwards from 22 in the fecond Part of the 
Line, to7 in the firft; which done, that Extent being applied the fame 
way from 44, will reach to 14, the Diameter fought. 


roblem V. 


_ Three Numbers given, to find a fourth in an inverfed Proportion, 
(or in the backward Rule of Three. ) 


To refolve this Problem, the Proportion is; As the third Number is 
4 a! ba ~ e ~ Pal 
to the fecond, {0 is the firft to the fourth. 


Example. 


If 60 Men make a Trench in 45 Hours, in what time will 40 Men 

make fuch another ? 
: To perform this by the Line of Numbers, extend the Compafles 
from the firft of the Numbers given to the third, having both the 
lame Denomination 5 this done, if this Extent be applied backward 
from the fecond Number, the rnoveable Point will fall upon the fourth 
Number required ; fo that if you extend the Compaffes from 60 
to 40, (thofe Terms being of the fame Denomination, viz. of Men) 
this 


Che Cle af Gunter’s Scale. 


this done, the Extent being applied backward from 45, will reach to 
67.5, the fourth Number you look for. | conclude therefore, that 40 
Men will perform as much in 67 Hours and a half, as 60 Men will ds in 
45 Hours. 


Poblen Vi. 
Three Numbers given,.to find a fourth in a duplicate Proportion. 


The Ufe of this Problem isin Proportions of Lines to Superficies, Ox 
of Superticiés to Lines. Now if the Denomination of the firlt and fecond 
Terms be of Lines, then extend the Compaffes from the firit Teren to the 
third of the fame Denomination; this done, that Extent being ap- 
plied twice the fame way from the fecond Term, the moveable Point will 


fiay upon the fourth Term required. 


Example 1. 


Inches ? 

Here 14 and 28 having the fame Denomination, viz. of Lines, 
extend the Compaffes from 14 to 285 then applying that Extent the 
fame way from 154. twice, the moveable Point will fall on 616, the 
fourth Proportional fought 5 thatis, firlt, from 154 to 308, and from 
308 to 616. 2 

Buc if the fir and third Terms have the Denomination of Area’s, or 
Contents, and the Quafitum be a Line, then extend the Compaffes upon 
the Line of Numbers, unto half the Diftance between the firft and third 


Term of the fame Denomination; fo the fame Extent will reach from 


the fecond Texm given, to the gourta required. 


R= 


Example 2 


if the diameter ¢ fa Clicie, whofe Ayre ais 1&4 ic! 
what Diameter will a Circle have, woeie rirea 15 O10 Inches . 


et ela ee a amd £1 Zante two eaual Parts 
Divide the Diftance betwixt 154 and 616 into two equal Parts, 


fet one footin 14, the other fhall reach to 2 8, the Diameters required. 


on.) A ay at 
ty mn & Ale} Fi 
iz G 2 Ww . 
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Za (Problem VII. 
ity Three Numbers vive Ny to find a fourth in a triplicate Pr: portion: 


Ny The Ufe of this Prob‘em: confifteth in the Proportion of Lines and 
Hh Solids, (> contra, } 

i If thereiore the firft and third Terms have the Denomination: of: Lines 
hil (as the Diameters of Spheres, or Sides of {olid Bodies) extend the Com- 
ai | | pafles upon the Line of Numbers, from the tirft Term to the third - 


» 
4 


thisdone, and that Extent applied three times the fame way from the 
| fecond Term, will caufe the. moveable Point to fall upon: the fourth 
Ai Term required: 


Example 1: 


If an Iron Bullet, whofe Diameter is 4. Inches, weigheth 9. Pounds, 
what is the Weight of another Iron Bullet whofe Diameter is & 
Taches ? 

Therefore extend the Compaffes on the Line of Numbers from 4 to 
$3 and that Extent applied the fame way three times from 9, the 
moveable Point will firtt fall upon 18, then from 18 to 363 and laftly, 
from 36 to 72, the Weight required. 

But if. two given Terms be Weight or Contents of Solids, and- the 
Diameter of a Sphere, or Side of a Cube is fought, then divide the Space 
between the two given Terms of the fame Denomination. into three 
Parts, and that Dittance fall reach. from the third to the fourth Pro- 
portional. 


a = 


Example 23 


If an Iron Bullet that weigheth 9 Pound be 4 Inches Diameter, . what 
Diameter fhall the Shot of Iron be, whofe Weight is 72 ? 

Divide the Space between 9 and 72 in three Parts, and that third Part 
tall reach from 4.to 8,. the Diameter required. 


iProblen 


my 


p 4 i ty ; gaa 4A ips eo = = 
Root of any Number unaer LOOOCC 


t of any Nunaber is always the mean Prop ies 


EY areisoeyeruenia) BF a 
ne Square PLO 


: et L ee piernaa ty Sout 1 
betwixt I and ys Number Levee ne led 5 but yet with this gene 
Caution, a If the Figures of the Num ber be even, that is, 2, 4, 6, 


$. ro, @c. then you muft loo k for the Unit, orone, at the t 9 
of the Line of { Numbers, ai “ he Number sie in the fecond Part, and 
the Root in the firft Part, or rather rec kon 10 at the Md to be the 
Unit, and then both Root and Square will fall backwards ti: vs } 
middle, in the fecond Part of. the Line : oe if they be odd, thie 
imiddle one will be bell to be accounted the Unit, aus both R65 yt ou 
Square will. b: found from thence-forward tow yar ds 105: fo that. ac- 
jcording to this Rule, the | gatiane Root of 9 will be found to be 3 ; the 
Square B Root of 64; will be 8; the Square Root of 144, will be 12 
the ee Root of 1444. tO i 38 5 the Square P Root of 57600, t 
be 240, And to know h ow mai ny Figures any Root ought to confil tof, 


FEO we 


put a prick over the. firit- Figure, the third, the fifth, Cc. es eginning 
from the Right-hand 5; aa as many Pricks as are noted, fo many Figures. 


‘there mutt be] in the Back: 
-¥Ovoblem TX. 
To find the Cube Root of any Number under 100000000. 


The Cube Root is always the firft of two mean Proportionals be- 
itween 1 and the Number given, and therefore will be Hels by dividing 


the Space between them into three equal Parts. And: to find how many 


Figures will be in this Root, soa! prick over the firft Figure, tae 
fourth, feventh, wis lta at the Right- hand; and fo many Pricks as 
you find, fo many Figures m wit be in.the Root, which Root 


eafily found, . with thefe Cautions. 


. If the laf Prick fall on the laft Figure cowards the left-hand, then 
ba Unit is beft placed at ¥ in the seule of the Line, and then th 
d the 


Cube arid. Root will both fall forwards. towards 10.at the end of 
Line. 


Che Cite ot Gunter’s Sraic. 

2. If the laft Prick 4 fi Hl onthe laft Figure but one towards the Left. 
hand, you may place the Unit at t in the beginning of the Line, and 
the Cube in the iecond Part of the Line, then will the Root be fou id 
in the firit Part of the Lin 

napeeeneptr he fall on the laft Figure but two, then place the Unicat 
Tat the end of the Line, an then the Cube and Root will both &l 
backwat d, and be f found in the fecond Pert of the Line of Numbers 

Thefe Notes being obferved, the Cu be Root of 1728, willbe found 


to be 12; and the Cube Root of 17576, will be 265 and the Gube 


} t ' <3 e ° 
Root of 43 $076, will befound 76 5 andthe Cube Root of 8120601, 
will be 201 ; the Cube Root of 11390625, will be 2 2.5. 


ahd ay, 
Py Oya ‘ 
19201 te ren $B a 


How to work a P ‘roportson im Sines alone 5 or, three Sines being LIVER; 
to find a fourth Proportional. 


E xample, 


As Sine 22° 45/, to Sine 47° 30! So is Sine 23° ry’, to a fourth 
Sine required. 


This Problem is wrought on the Line of Sines, as the fourth Problem 
ison the Line of Numbers. ‘Lake che Extent from the Sine 22° 45% on 
the Line of Sines, to the Sine of 47° 30°, the lame Exi ent thall reach 


the fame way, from the Sine of 23° 15/, tothe Sine of 48° 50/, the 
fourth Sine required. 


JOroblem XT. 


How to work a Proportion in Pangents ‘alone; or, tbvee Tangents be- 
ing given, to find afonrth Proportional. 


Example 1. 


As Tangent 42° 40', to Tangent 15°20! + fo is Tangent 39° 08, 


to the fourth Tangent required. 
This Problem is wrought on the Line of Tangents, as the former 
Problem on the Line of Sines. 


B.xtend 
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‘Extend the Compaffes on the Line of Tangents, from the Tangent 
42 deg. 40 min. tothe Tangent 15 deg, 20 min, the fame Extent thall 
reach the {ame way, from the Tangent 39 deg. 8 min. to the Tangent 
13 deg. 35 min. required. 

Example 2. 


As Tangent 14° 58', to Tangent 39° 15'3 So és Tangent 47° 18°, 
toa fourth Tangent required. 


On the Line of Tangents, the Tangents above 45°, encreafe from 
bas? to 46°, 47°t0 50°" 60°, &e. backwards towards the beginning of 
the Line: thereforein working this Proportion, the fame Extenc that 
reaches from 14° §8', to39°15!, fhall reach the contrary Way from 
47° 18', t073° 10’, the fourth Tangent required. 


Example 3. 


As Tangent 21° 30", to Tangent 37°20'; So is Tangent 42° 40's 
to a fourth Tangent required, 


The Extent from the Tangent 21 deg. 30 min. to the Tangent 
37 deg. 20 min. if applied the fame way, trom Tangent 42 deg. 4.0 min. 
will fall beyond 45 deg. at the end of theLine: therefore to remedy 

‘this Inconveniency, having the Diftance between Tangent 21 deg. 30 
'min. and Tangent 37 deg, 20 min. place one Point of. your Commpaffles 
in the Tangent. 45 deg. and let the other Point fall backwards towards 
the beginning of the Line, and it will refton the Tangent 27 deg. 20 
min. This Point let remain fixed, and clofe the other Point which 
| fiands in 45 deg. so the Tangent 42deg. 40 min. then keeping this 


Difiance, place one Point in Tangent 4§ deg. the other will fall upon. 


| the Tangent 60 deg. 45 min. required. 
Ts: iT 
rcblem XU. 


How to work a Proportion in Sines and Tangents together. : 


Example 1. 


q? ~~ 2 = ra @ ms 5 cm, O om j Cc “4 al LIA iT & 9 f 
As Sine 22° 30, to Sine 37° 10' 5 So us Tangent 19° 40', 10 a> 


The 


g 


| fourth Tangent required. 


iA 
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The Extent on the Line of Sines from 22 deg. 30 min, to 37 deg. 10 
min. {hall reach on the Tangenis from ig deg, 40 min, to 29 dey, 25 
min. required. 
Example 2, 


44s Tang. Compl. 60° 15', to Sine 56° 45's So is Radius toa Tan- 
gent riquired. 


¢ 
o 


Becaule there is a Tangent inthe firft Place of the Proportion, and 
likewiie a Tangent in the fourch, therefore this Pr portion mult be 
changed by .pucting Radius in the firit Place; and inftead of the Tang. 
Comp!. in the firit Place, take Tangent 60 deg, 15 min. (Gf it had 
been a Tangent, youmuit have taken the Tang. Compl.) and then the 
Proportion will remain thus : 


AAs Radius to Sine 56° 45's So is Tangent 60°15! to the Tangent 
required. 


The Extent from Radius, Sine 90°, to the Sine 56° 45/ on the Sines, 
fhall reach from Tangent 60° 15’, to Tangent 55° 40! required, 


Example 3. 


As Radius to Tangent Compl. 60° 15's Sa is Tangent 55° 40!, to 4 
Sime required 


This Proportion muft be changed, becaufe there is Radius, ‘or Sine 
90 deg. in the: firttPlace, and a Sine required. Inftead of the Tang. 
Compl. 60 deg. 15 min, take the Tangent 6odeg.15 min. and put 
Radius in the third Place, and {fo the Proportion follows ; 

As Tangent 60 deg. 15 min. to Tangent 55 dez. 40 min. So is Ra- 
dius to the Sine fought. Therefore the Extent from the Tangent 60 
deg. 15 min. to Tang. 55d. go min. thall reach from Radius, or Sine 
90 deg. to Sine 56 deg. 45 min. requixed. 


Wrablein 
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jD2oblem XIII. 


How to work Numbers and Sines together. 
Example. 
As 56 t0 106 ; fo is Sine 29° 30! to a Sine required, 


Extend the Compaffes on the Line of Numbers, from 56 to'10%, 
the fame Extent fhall reach the fame way on the Line of Sines from 
29 deg. 30 min, to 68 deg. 30 min. required. 


problem XIV. 
How to work by Numbers and Tangents together. 
Example. 
As 202 to 52 5 fo ss Tangent 73° 52, to P Tangent required. 


The Extent on the Line of Numbers, from 202 to §2, fhould 
reach the fame way on the Line of Tangents, from 73 deg. 52 min. 
tothe Tangent required; but the Compafles fo extended fall beyond 
the end of the Line, therefore this Defect mutt be remedied, as in the 
third Example, Problem 12. by placing the faidextent in Tangent 45°, 
and letting the other Point fall backwards in the Line, which being fixed, 
clofe the other Point to 73 deg. 52 min. and then placing your Compaffes 
again in 4§.deg. the moveable Point fhall fallon 41 deg. 40min. the 
Tangent required. | Meee 
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Lhe Defcription and Ufe of the Sinical-Quadrant. 


"Ty ‘His Inftrument is commonly made of Brafs, Box, ot Pear-Tree, 
S being a Quadrant or fourth part of a Circle ; the Limb thereof 


€ 


ivided into 90 equal parts or degrees, is-numbred with 10, 20, 
30, 40, ec. unto go; and allo is -divided into 8 equal Parts, which 


are (he roints of tne Compals, aliG doth repreient aliy OF tnein according 


as the Nature of the Queftion requireth. 

the two oides thereof are commonly divided inté 60 Cor fometimes 
444 €¢O mor \ o Pa | Maret Ah: 317 a eve | i\? ¢}. : go * L. ~ 
into ! 1D ) equal Parts, and numbred from the Center With 1Oo, 20, 


5 og 
ss ¢ JS Ge 
Br 


Likewile there is an Index that moveth upon the Center of the 
Quadrant; and *teacheth without ‘the Limb;) always divided with the 
fame equal parts as the'Sines, and numbred as before. | 

And froma thofé equal Paits.on the Sides, are'drawn Parallels through- 
out the whole Superticies of the Quadrant, croffing, one another at 
Right-Angles. : : 

And the Lines of Fives and Tens are commonly prick’d-for DiftinG@i- 
on fake 5 which {aid Lines and Parallels do. reprefent the Sines and Sine 
Compl. of an-Arch (divided into equal parts) [which I fuppote: is the 
teafon why it is ‘called a Sinical-Quadraat. | 

But) here> note, that thefe Parallels that proceed from the Side A B, 
(in the Figure of the Sinical-Ouadrant) are for DiftinGtion called Sinical 
Parallels , and thofe Parallels that proceed from the Side C.D, are called 
Co-Steical Parallels. 


Now thefe Diftinctions being obferved, we fhali proceed to the Ufe 


in the Solutions of ‘feveral Problems” in Navigation, and in workin 
Traverfe at Sea, ec. . 
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Differehce of Latitude, and in the Co-Sinical Parallels it will cat vies 
which is the Departure. | | 


Problem IT. 


The Courfe and Difference of Latitude being given, to findthe Diftance 
run, andthe Departure from the Meridian. 


Conrfe the third Rhomb, Difference of Latitude 37 % Leagues. 


Set the Index to the Courfe, and find the Difference of Latitude in 
the Sinical ParaBels, and where that doth interfe@ on the Index, is 45, 
which is the Diftance required 5 and where it doth meet the CoeSinical 
Parallels, there is 25 Leagues the Departure from the Meridian. 


J920b{em ITT. 


The Courfe and Departure being given, to find the Diftance, and 
Difference of Latstnde. 


Courfe the fifth Rhomb, Departure37 * Leagues. 


Set the Index to the Courfe found in the Limb,- and in the Co-Sjnical 
Parallel tind the Departure 37 + (being numbred in the Margin 5) and 
where it doth meet with the Index, it fheweth the Diftance run to be 
45 Leagues 5 and where the Index meeteth with the Sénical Parallels, 
there you will find the Difference of Latitude to be 25 Leagues. 


j20hlem IV. 


The Diftance, and Difference of Latitude being given, to find the 
Courfe and Departure. 


Diftance 45, Difference of Latitude 25 Leagues, 


Firft, Find the Diftance run upon the Index, and then move the In- 
dex until it doth interfG the Difference of Latitude in the Sinical 
Parallels 5 and at this Pofision of the Index, look in the Limb, and 
there you will find the Courfe to be the fifth Rhomb, which was re- 
guired 5 and where the Sinica! Paralle} of 25 doth meet with the Co- 


Sinical 
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Sinical Parallel under the edg of the Index, that will fhew you the De- 
parture from the Meridian, 37 7; Leagues on the Side C D. 

jo,oblem V. 


The Diftance run, and Departure fromthe Meridian besng given, to 
find the Cour{e and Difference of Latitude. 


Diftauce 45 Leagues, Departure 374 Leagues. 


Firff, Find the Diftance run on the Index, put that to the Departure 
a the Co-Sinical Parallels, and that Point fhall cutin the Sssical Pa- 
vallels the Difference of Latitude 25 Leagues, and the Edg of the Index 
Gall fhew in the Limb the Courfe, which is the fifth Rhomb, which 


was required. 


}oblem VI. 


The Difference of Latitude, and Departure from the Meridian being 
given, to find the Courfe and Difiance. | 


Diff, of Lat. 25 Leagues, Departure 37 ~ Leagues. 


Firft, Find the Difference of Latitude in the Margin of the $ inical-P a- 


rallels, and alfo the Departure in the Margin of the Co-Sinical Parallels 


and note where thofe Parallels meet each other, in that Poine put the 
Index : then on the Edg of the Index fhall be cut 45 Leagues, the Di- 
fance, and on the Limb the Edg of the Index will. thew the fifth Rhomb,. 


which was required. 
Jrablem VIL 


To keow bow many Leagues you muft fail upon any Point of the Com- 
pals, to raife or deprefs a degree of Latitude by the Sinical- Quadrant. 


To perform this, you mutt lay the Index upon the Point of the Com- 


pais, and fee where the Sinical Parallel of 20 Leagues (which is one de- 


gree in the Eguinoctial) doth interfeée the Edg of the Index, there will 
fhewn the quantity of Leagues you mutt fail, to raife or deprefs the 


a2 
ww SLaw 


Pole upon any Point of the Compats. : 
Ms 


Sinical-Ouawrant. 


fe tne wave y ot aden td é 
LAS for LKwample, onthe third Rhomb, 


% 


[you lay the Index on the third Rhomb, the Sinical Parallel of 36 
will thew 24 Leagues, which you mutt fail on that Point to raife Or de 
prefs one Degree of Latitude, and that’ Point on the Index will fhew in, 
the Sanical Parallels, the Departure from the Meridian to be 1 3 Leagues 2. 


{20blem V ITT. 
Shewing the Ufe of the Sinical-Quadrant in working a Traverfe at Sea 


Ene Sinscal-Quadrant isa plain and ready Inftrument for this purpofe 
and is commonly employed for the working fhort Traverfesat Sea, Ply 
give one Example of 24 hours run, inthemanner as ’tis ufually placed 
mn the Leg-Board, and how it may be taken off, and wrought by this 


Example. 


Admita Ship at Sea, and bound to ¢ 4 
: o the Northw S aw. 
Courfe North-Eaft, but th ear ee Waynes 
Courle | alt, but then meeting with a contraty.and fhuffine 
Wind, fhe makes feveral Courfes, /as is here under expreffed in this Tx 
ble, after the form of the'Log-Bdard. 
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Whefe Log-Boards-are made fit for Ure, 
12 ry, “Ft 7 ! x 

rul’d, and fold by the Author. 
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Hours. 
Be Pe eee | ep Rae gage rs Rr eS: mf oe | ies 17 as eg in 
The te ond, third, and fourth Commns fh ew the Knots 35 NaliesANOts, 
To ee thar the Shi So hae Sie a te Le 
d Fathoms, that te Shi ip runs upon any Courfe Wi tae 1Dace of half a 


‘nute, meatured by the Le Ee : 
The fifth Colun mn co! stains the Courfe fleered by the Compals, but 
the Lee-way that the Ship nai is left to the Difcretion of the Cal- 

tar fr alic j d { di oO th M 1 ld { i re and the Gail 
culator to be allowed according to tne ould of the Ship, and the Sail 
fhe bears, and alfo having refed to the Wind and Sea at am 


time. 
The fixth Column fhews on bie af t Point of the Compafs the Wind is, 
be large, or upon 1a Win 


and manifefting wi ether the Courie 


Thus much for the Form of the Log-Boaia, and the manner of fet- 
ting down the Courfes and Diftances‘thereon. Now {omewhat briefly, 
how to take off (as they call it ) this. Account from. the Log-Board, 
thereby to compute the Ship’s true Courfe and Diftance by the Ssmscal- 
Quadr ant or other Inftrumental oc Arithmetical Calculation. 

Tis ufual for the Matter, his Mates, and all others that are defirous to 
keep a reckoning of the Ship’s Ways every Day at Noon, when the 
Ship is at Sea, to. take an get of the feveral Runs upon the Log- 
Board for 24 hours laft paft, taking notice of the Wind, and other 
Accidents, allowing, for every Knot and half-Knot, {fo many Miles and 
half Miles run in one hour, and four times fo many in a Watch, or four 
hours: And becaufe ’tis ufual to heave the Log bef twice ina Watch, 
or every two hours, and the Courfe fet down accordingly 5 therefore 
the Knots and halt-] Knots upon the Log-Board for each Courfe mutt bs 
added together, and the total doubled, gives the number af Miles up- 


ou 
>in the Ta. 


on each refpedtive Courfe: As for Inftance ey in this oe ple in 


ble, under the Letters H, K, HK, ee. in the firft Line, you will find. 


= © Fay J 3 a} a. 
4 Knots N N. E. which being "doubled. tee Miles, the Uinance upon 
that Courfe: but now for the more orderly working the 24. hours Run, 
it is convenient toframe a Table, after the form oF t 


228 Mow to wok a Craberfe. 


The Operation of thefe Traverfes by the 
Sinical-Quadrant. 


1, The firft Courfe is North-Eaft 8 Miles, the Wind large, therefore 
lay thedndexupon the fourth Rhomb, or 45° from the Meridian, you 
thall find the Diftance ran 8 Milessupon the Index to interfect at 5 in 
the Sinical Parallels, which is the Northing, and is to be placed in the 
North Column, and to cut 5 2 in the Co-Sinical Parallels, which is the 
Eafting, to be placed in che Eaft Column: and the reafon why the 
Difference of Latitude and Departure, now found by the Sinical- 
Quadrant, is fet under the North and Eaft Columns, isy becaufe the 
Courle is between the North and Eatt. 


A Table of the Northing, Southing, Eafting 
and Wefting of thofe Courfes., found by 
the Sinical-Quadrant. 


Courfe. Dit.) N. [| S. | E. 
Miles Miles] Miles Miles 


[yy NOE. 08 [05 2]. los 2 

E. by N, 19 {03 + |18 e 

E.: 2S, 24 | 2 i124 
IS. E. by E. -. Es 25 | te) if + 
IN.N.W.2W.] 19 117 J ° 
ie Sum. [26 12 4:66 tlog 
Aub ametl 12 4 oD 
4 Diff. of Lat. | No. '13 4 57 =| E. 


2. The fecond Courfe is Eafi by North r9 Miles upon a Wind, the 
Courle ficered is Eaft North-Eaft, the Ship lying within 5... Points of 
the Wind, and allowing one Point for Leeward-way, the true Courfe 
is, as before, E. by N. Therefore place the Index to the feventh 
Point or 78° z from the Meridian, and by 19 Miles, the Diftance, there 

will 


will be cut 3 2 Miles, in the Sizical Parallels, which is the Northing 
and 18 2. Miles in the Co-Sinical, whichis the Eafting. 

3. The third Courfe is (allowing, as before, one Point for Leeward- 
way) Eaft 4a Point Southerly, and the Dittance 24 Miles ; therefore lay 
the Index to 7 Points, or 84 deg. 7, and by 24 found on the Index, 
fhall be cut 2 2 in the Sinical Parallels, which is the Southing, and 24 fere 
inthe Co-Sinical, which is the Eafting of this Courfe and Dittance. 

And what hath been faid of thefe three Courfes, the fame is to be 
underftood of the reft in the foregoing, Table, giving the fame Allowance 
as before, the Ship being fill by 2, Wind. 

Having thus therefore, according to thefe laft Inftances, found the 
Northing and Southing, Fafting. and Welting of thefe feveral Courfes 
and Diftances, and placed them in_ their proper Columns, fum up >the 
Miles in thofe Columns, and orderly fubfcribe theis Total, as in this 
Example. 

The Sum of the North Column is 26 Miles, of the South Column 
12 +; of the Haft, 6625 and of the Weft, 9 Miles. 

Fhen compare the North and South Columns together, and alfo the 


a 


Eaftand Weft ; and,dedu& the lefler from the greater, as in the fore~ 
going Table: The Southing is to be fubtracted from the Northing, and 
the Wefting from the Eafting,s the Remainder Northerly 13 + Miles, 
is the Difference of Latitude 5 the Refidue under the Eaft Column, 57 4 
Miles, is the Departure to the Eaftward of the Meridian. 

And if the dire&t Courfe, and neareft.Dittance fromthe place where 
the Shipbegan-this Traverfe, to that where fhe now is'fuppoled to be, 
were required, °tis readily computed by the Sinical Quadrant. And 
to perform this, find where 13 ~ in the Sinical Parallels. interfect.. the 
Co-Sinical Parallel of .57 2, aud bring the Index to that.Point, and by 
the Index in the Limb {hall be fhewn the Angle of the Courfle, 76 deg. 2y 
ot 7 Points from: the Meridian, viz, Exby N. and the Diltance suny 
found on the Index, will be 59:Miles. 

Atid thus after the form of this firft Example, you may find the Diffe« 
rence of Latitude and Departure from the Meridian of any 24 hours 
Traverfe, ‘and hkewile reduce it to-one Gourfe and, Diltance. 

And what is here. in‘ particular. applied: to the Sinical-Qaadrant, the 
famecis to be underftood of the other dattruments, it. being only a Repee 
tition ‘of the fitit Cate, -by the Courfe and Diftance . given, to.find the 


Difference of Laticude’and- the Departure, which.found, is orderly to 


be placed in a'Table, ‘as.in the foregoing, Example, 
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2300 Df the Log-Line, and bale Winute Slats. 


Having fpoken fomewhat of the Log-Board, and of the: 
Ufe thereof, I think it not amifshere to fay fomething: 
ef the Log-Line, and Half-Minute Glafs. 


An Advertifement concerning the Log-Line, and 
Half: Minute Glafs. 


Seeing that the mannerof keeping a Reckoning of the Ship’s way 
(by our Englifh Navigators)’ is commonly by the Log-Line, and Half. 
Minute Gla{s, there ought to be great care had to the truth of them: 
but it hath been an antient Cuftom to meafure feven fathom between 
Knot and Knot upon the Log-Line; which way of meafuring hath _ 
been grounded upon a meer conjecture, that five of our Feet make a Pace, 
and a thoufand fuch Paces make a Mile, and that fixty fuch Miles make 
a Degree 5 fo that a Degree fhould contain 300000 of our Feet, and 
one Mile Cor Minute) j000 Feet 5 and becaufe an halé-Minute of Time 
“is the 120th part of an Hour, the Log-Line fhould anfwer to that Pro- 
portion, and be the 120th pait of a Mile, which by this acoount is 41 Z. 
Feet between each Knot on the Log-Line, ) 

But this erroneous Computation hath been {ufficiently refuted by 
Mr. Oughtred, Mr. Norwood, and others. | 

Mr, Oughtred in his Circles of Proportion, p. 153. doth there propofe 
66 + Statute-Miles to anfwer to one Degree upon the Earth, each con- 
taining 5280 Feet; fo that according to this Computation, there is 
34980 Feet in one Degree. 

And Mr, Norwood, in his Seaman’s Pratticey p. 43. doth declare, That 
(by a worthy and commendable Experiment of his) be found a degree 
of the Circumference of the Earth and Sea, to contain 367200 of our 
Englifh Feet. But he further confenteth, That becaufe the Ship's way.és 

‘more than doth really appear by the Log-Line, and becaufe it is more fafe 
to have the Reckoning to be fomewhat before the Ship, together with the 
Evennefs of Number to allow but 360000 Feet to be one Degree, and con- | 
fequently 6030 Englifh Feet to be one Minute, or the fixtieth part of a De- 
gree (vulgarly called. a Mile) which Number being divided by 120, giveth 
50 Feet between Knot and Kuot on the Log-Line, fo that upon this 
ground, if a Ship runneth out one of thofe Knots in half a minute, fhe 
runneth one Mile (or the fixtieth part of « degree) in an Flour, or one 
League andyne MileinaWatch, or 4 Hours. | 
| Likewile 
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Likewife Monfieur Picart has lately meafured the Length of one De- 


gtee in France, and finds it to contain 365184 Englith Feet; nearly 


agreeing, with Mr. Norwood. But notwithftanding thele Experiments 


| (together with the Confent and Approbation of other Accomplifhed Ma- 
) thematicians in their Books of Navigation) have fufficiently detected 
i this Error; yet this Truth hath not had that Entertainment, as the Ex- 


cellency thereof hath deferved, becaufe Cultom hath fo long prevailed 


| againft Reafon. 


Mr, Norwood, in his foreementioned Book, hath affigned fome Rea- 


1 fons why “he {uppofeth this Error hath been fo long received and tolera- 
) ted ; I fhall forbear to mention them, referring you to the Book it felf. 


| But { fhall aflign one Reafon more, which I have obferved from Expe- 


‘ rience, which, [hope, will in fome meafure help to prove the Truth of 
| Mr. Normoed’s Experiment, and that the Log-Line (as commonly di- 


) vided) may be proved ‘to be too thort for true meafure: for I have 
| obferved, that if a half-minute Glafs be made of its due length, ac- 
| cording to true Time, that then their Reckonings intolerably out-ran 


the Ship, and they continually complain, that thofe Glaffes are tco lopg : 
Bur if they have a Glaf that is-5 feconds fhorter than true Time, they do 


reafonably well agree with the Log-Line in their Reckonings ; becaufe 


ene Error doth ballance another, wiz. fhort meafure, and fhort time. 


) Yet notwithftanding ‘this Concurrence and Affinity between this Log- 


i 


f 
, 
vf 


i 


al 


Line, and fhort Half-minute Glafs, it is apparent that they are both 
Errors, and therefore to be rejected: for 1 fuppofe it would quickly 
appear that if the Log-Line were of its due length and meafure, 4.¢. 
so Foot between each Knot, and the half-Minute Glafs of its due length, 


| according, to true Time, there would doubtlefs be a greater Harmony 


} and Concurrence of Truth, and Navigation be of more certainty than 
| itis. : 


pa 
| 


My 


So that now it doth plainly appear, by this above-mentioned Obfer- 
vation, that the Log-Line, ascommonly divided, is too fhort, accord- 
ing, to Mr. Norwood’s Experiment, becaufe the neceflity of keeping a 
Goncurrence in the Reckonings, is by aGlafs that is too fhort by 5 fe- 
conds for the true time of half a minute, or 30 feconds. 

Buthere! fhall give you a Rule, to prove whether a Half-Minute 
Glafs be of true length or not 3 the way is generally approved to be very 
frue, and what I have many times made Experience of, and can atteft it 
by my own Knowledg. The Experiment is mentioned by Mr. Phisps, 
in his Advancement of Navigation, and is thus to be performed. 
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An eafy and exact Way to meafure a Alalf-Minute Glafs, 
or any [mall Portion of Time. 


Take a Bullet of any weight whatfoever, and make faft a piece of 
Thread or Silk to it, being 38 = Inches in length, from the Center of 
the Bullet unto the end of the Thread, where a Noofe muf be made to 
hang it ona {mall Pin, which is to be faftened to any Place-where the 
Bullet may {wing freely. 

This Pendulum being thus prepared, hang its Noofe on the Pin, the 
Thread being exactly 38 4 Inches between the Center of Gravity, and 
the Center of Motion, each of the Swings of this Bullet (being either 
{wift or flow) fhall be a true fecond of Time, {0 that 60 of thefe Swings 


will be the true length of a Minute, and 30 the true length of half a 


“Minute. So by this ingenious Experiment you may know which of all 


your Half-Minutes is a true Glafs: and if fyou have no Glafs, you may 
meafure any {mall Portion of Time by this Experiment ; for half a (- 
cord of Time is difcovered every time the Pendulum doth pafs the Per- 
pendicular, that is f{uppofed to fall from the Pin whereon the Pendulum 
doth hang. 

But if it fhould be objected, That at Sea, when the Ship is thrown 
to and again by the Violence thereof, that then the: Vibrations of the 
Pendulum may by that means be obftructed, and fo the Swings to be 
uncertain. 

A Remedy there is found againft this Objetion, by making the | 
Thread 7 Inches fhorter, and thereto make a {mall Knot, which Knot you 
are to hold between.your Finger and Thumb, and then with the motion 
of your Hand, to caufe the Bullet always to afcend to an Angle of 60 
degrees (from the Perpendicular) and fo fhall each Swing be equivalent 
to’ thofe before ; {a that if a Ship be toffed by the Violence of the Sea, 
yet a Man may make fhift to try this Experiment, and to meafure a true 
Half-Minute of Fime without the help of a Glafs, 
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The Defcription and Ufe of the Plain Charts, 
commonly call’d Plats. 


‘He(e Charts are drawn upon Vellom, and pafted upon Boards, and 

‘are commonly called Plats ; in the middle thereof is a Center, 
upon which there is an occult Circle defcribed, which is divided into 32 
Parts or Points; by which are drawn feveral Lines quite through the 
Plat, reprefenting the Rhombs or Points of the Compafs, and upon 
thefe Lines are other Circles defcribed and Rhomb-Lines drawn, parallel 
to the former. 

Then is the Form of the Land poutrayed upon it, and fet off with 
Colours, and alfo a Scale of Leagues to meafare the Diftances of Places. 

There is alfo a Meridian Line equally divided upon the Plat; which 
difcovereth the Latitude of any Place. “The feveral Utes follow. 


' The Ufe of the Plat. 
1. Tofindthe Latitude of any Place upon the Plat. 


Take your Compaffes, and fet one foot inthe Place required, and @x- 
tend the other foot’ to the neareft Diftance of an Eaft and Welt Line, 
aid note where that Line doth cut the Meridian-Line (that is divided 
into degrees) ; then fet one foot where it interfeGts the Metidian-Line, 
and the other foot will reach upon the Meridian-Line, to the Latitude of 
the Place required. 


2. Tofind the Diftance of one Place frons another. 


If the Diftance required be lefs than the letigth of the Scale, then take 
your Compafles, and fet one Foot in one of the Places, and the other 
foot in the other place, then with the Extent between your Cothpat 
applie 


\ 
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applied to your Scale of Leagues, will give the meafuxe of the Diftance 
ofthe two. Places. ke ty 

But if the Diftance between the two Places be greater than the length 
of the Scale, then tirft extend your Compaffes upon the Scale to the 
whole length thereof, aid with that extent fet one foot in one of the 
Places required, chen dire&t the other foot towards the other P 
help of a Scale; or Ruler ina Right-Line; and if the Dig 
you mutt turn the Dittance between the Compafles over 
or oftner, until you come to the other Place required 5 and if ic falls out, 
that the laft extent doth fall over the fecond place, you mutt then, from 
the laft Place where the Compaffes flayed, draw in the other Point, un- 
til it touch in’ the Place s:cuired, and meafure that upon the Scale of 
Leagues. Asfuppofe your Scale were an hundred Leagues ; and if you 
turn your Compaffes two or three times Over, then is the Diftance {6 
many hundred Leagues, and that {mall Diftance more ; Which bein 


mea{ured upon the Scale, it giveth the odd Leagues 
the Diftance required. 


lace by the 
ance be great, 
twice, thrice, 


» and fo confeguently 


3. To find apon what Point of the Compafs one Place beareth from 
another. 


If from the two Places propounded, there bea Rhomb-Line thar lieth 
directly from Place to Place, then is there no more trouble in it, but to 
look upon the {mall Compafs upon the Plat, and fee upon what Rhomb 
it is that they bear one from another. 

‘But in cafe a Rhomb-Line doth not lie directly from one Place to the 
other, then extend your Compaffes from the firlt Place in the neareft di- 
fiance to the next Rhomb-Line, that you imagine in your Judgment 
Kieth neareft a Parallel from Place to Place, and upon that Rhomb-Line 
un your Compaffes along, till the other Point (being at Right-Angles 


with it) doth reach the other Place, and that Rhomb-Line is the true 
Point of bearing the one from the other. 


4- Tokeep a Reckoning upon the Plat of a whole Voyage. 


Firf, It is to be underftood, that you are to keep a Reckoning of 
every day’s Work, either by the Tables, or your Sinical Quadrant, (as 
you ate before taught) ox any other way neceffary forfuch a purpofe 5 
and alfo to caf up all your Traverfes for one or more days: and then 
after you have fo done, and brought it to the neareft Trath you can, 


cither 
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| either by Obfervation ox otherwife, then you are to fet off your Work 
upon your Plat, {> that the Place where your Ship is, may appear to 


| your Eye for the Satisfaction of your Mind, and for the Information of 
» your Judgment. 

As fuppole’ that you fail fromthe Lezard South-weftwards ; then 
from that very time you begin to keep your Reckoning of your feveral 
Courfes and Diftances, until you have fome ccnvenient Time to caft up 
all your Work, to find the Difference of Latitude, and: your Departure 
from the Meridian of the Lizard. The Difference of Latitude we will 
fuppofe to be 3°, and the Departure to be 50 Leagues, which 3° you 
mult fubtract from the Latitude of the Lizard, which we fuppofe to 
be 50°00! North ; fo that the Latitude that ,the Ship is now in, «is 
47° oo!, and 50 Leagues to the Weftward. : 

Therefore to fet the place of your Ship upon your Plat, you muft ufe 
two pair of Plat-Compaffes: with one pair take the extent between the 
Latitude of 50° 00! and 47° 00', and fet one Point of your Compaffesin 
the Lizard, and extend the other Point towards the fecond place, but fo 
that your Compafles may ftand parallel to a North and South-Line, 
which may be eafily found with the other pair of .Compaffes, by trying 
whether the Legs be equi-diftant from the next North and South Line = 
This done, keep one foot of your Compaffes in that Point, and with 
the other pair take the Departure 50 Leagues, from the Scale of 
Leagues ; then inverchange your Compaffes, placing thefe laft pair in 
the Point where the other pair floods fet this Departure 50 Leagues to 
the Weltward, and fo that your Compaffes may ftand parallel to an Baft - 
and Weft Line, which you may try as is faid before, The fecond Point 
thus found upon the Plat, is the place of the Ship (according to your. 


Reckoning) which was required. 


_ Thus much for thePlat, or Plain-Chart. . 


vie & 
hed 


SECT. VY. 


The Ufe of the true Chart, commonly called 
Mercator’s Chart, 


B Shall not here mention the Projection of this Chart, it being largely 
handled by the firft Inventor, Mr. Edward Wright, in his Correttion 
of Errors, only here fltew very briefly the ordinary and moft neceffary 


Ules of this Chart. 


1. To find the Latitude of any Place in thefe Charts. 

T his Operation upon thefe Charts is in all tefpects like that which has 
already been delivered for the fame purpofe, in the Ufe of the Plar, ox 
plain Sea~Chart 5 for if you fet one Point of your Compaffesin the place 
whofe Latitude 1s required, and open them in the fhorteft Diftancé to the 
next Eaft and Weft Line, obferving where it interfe@ts the graduated 
Meridian, and then place one Point in that Interfection, turning your 
Compafies, upwards or downwards, according as the Place: lies, from 
the Eaft and Welt Line, and the moveable Point {hall thew upon the faid 
Meridian the Latitude of the Place required. 

Suppofe the Latitude of Ujhant were required by this Chart ? 

If you take the neareft Extent to anEaft and Weft Line, and place 
that Diftance from the Interfetion on the graduated Meridian, as is be- 
fore directed, you will find the Latitude of Ujhanttobbe 48 deg. 40 min. 
Northerly. 


2. To find the Longitude of a Place, and confequently the Difference 
of Longitude in degrees, between any two Places fituate upon the 
Chart. 


To find the Longitude of any Place upon the Chart, fet one Point 
of your Compaffes in the {aid Place, and take the neareft Diffance to 
the next North or South Line, and obferve where this ‘Line inter{4@s 
the EquinoCtial,; and keeping the fame Extent in your Compaffes, 
place 
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place One Point in the Interfection, and turning the Compaffes the fame 


| way that the Place, whofe Longitude is fought, lies from the North and 
South Line, the moveable Point refting in the E.guinoCctial, will fhew 
the Longitude required. 
Suppofe the Longitude of the Barbadoes were required. 

If you place the Point of your Compafles in the Ifland of Barbadoes 
in the Chart, and take the fhortelt extent to the next North and South 
Line, placing, the fame at the InterfeGion in the E.quinodtial, as i$ di- 

) reGted, you will find the Longitude of the Barbadoes to be in thefe 

| Charts 319° 40! from Teneriff. But the Longitude of Places being va- 
rious, according to the Place fom whence it is begun, fome reckoning it 

) from Flores and @orvus, fome from Teneriff, Ge. the chief Butinefs will 
be to find the Difference of Longitude between any two Places: which 
is thus to be performed. 

When you have found the Longitude of the two Places, fubtract the 

‘\effer from the greater, and the Remainder, if lefs than 180 deg. is the 
Difference of Longitude between the two Places ; but if the Remainder 
be greater than 180 deg. fubtra& it from 360, the laft Remainder is 
the Difference of Longitude required. 

Suppofe the two Places were the Lizard, in the Longitude 12° 40’, 
and Thoma \fland in the Longitude 27° 30’, fubtracting 12° 40° from 
27° 30/, the Remainder 14% 50! is the Diff. Long. 

Again, Suppofe the two Places were the Lizard, as before, and Bar- 


badoes in the Longitude 319° 3°'s fubtraGting, 12° 40! from 319° 40", 


there remains 307° 00/, which fubtraéted from 306°, the Remainder 


53° oo! is the Difference of Longitude required. 
3. To know hew one Place bears from another. 


For the performance of this Problem, lay the edg of a Ruler from 
| one Place to another, and with a pair of Compafles try to which of the 
| Rhomb-Lines the Edg of the Ruler is the neareft Parallel, which being 
) found, that fheweth the Point of the Compafs the two Places bear one 

from another. 

Suppofe the bearing, of the Barbadoes from the Lizard were required, 

Therefore lay the edg of the Ruler upon both Places, and you will 
| find, that South-Weft <a Point Welterly, is the neareft Parallel thereto, 
i which is the bearing of the Barbadoes from the Lizard, and the oppo- 
i fite Point North Eaft 2 Eaft, the bearing of the Lizard from the Bar- 


\ badoes. 
Hh 4. To 


9 Che Ute of Mercator’s Chart, 


4, Tofindthe Diftance of two Places upon Mercator’s Chart. 


‘none and the fame Latitude, take with your Com- 


O 
degree of the Meridian of that Latitude, (taking: 


half the degree above, and half beneath the Latitude) for fo ee you 
fhall find that. length Iyetive ‘en the two Places, fo many times 20 Leagues 


’ 


e betwixt them 4 but if the Diftance be gteat, for Expedit tion, 
you may take five times the length of that degree, Ai counting it for 
300 Leagues pro see as before, 
ippole the rate ance were required between the Point of Ujhaat and 
Cape-bona-vifta in Ne apie and. 

The Ditt as before about the Latitude of 49°, you will find 


it to be 560 Lea 

~ Bat if two fee yave not be fame Latitude, the Equinoctial not 
coming between , fubtradct the leffer Latitude out of the greater 5 
but if ‘the ae vinoGtial corn neth between them, and both Latitudes toge- 


29 3 ph pepe 
ther, fo have you the qgeei-s of Latitude between both Places: 


if both Places have the fame Longitude, {o many degrees as 
there are in the Differe nce of Latitude, fo many times 20 Leagues is 


: Places differ & ae 1 Latitude and Longitude, then look how 

‘ees the Difference of Latitude contains, fo many degrees of the 

Eg take between you iy Compafles ; then lay a Puller ic) both 
Places w nee Diftance you feek, and obferve where the Ruler croffes the 
Equinoctial, ‘or fome ot ther | Eat or Weft Line, (or Parallel of aby de) 
and leading one foot in the Eaquinoétial or other Parallel, move io rwards 


rs * 4 > : : } J a id a <7 1 Tol-| < 11 ; ‘ ‘ 
the other alfo parallel-wife, keeping always that Diltance, tin tt crofs thé 
} 


y 
Rhomb ef thole tv vO. Places i in {uch fort, that one foot } ting by ine 
carried about, may but ae touch the 


gment, oF part of that Rhomt 
1 9 it Sorta ate RS SP 
Equinoct ‘ial or Parallel, which meaiure in 
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fo many times 20 mena z the Diftance of thofe two Places. 
Or, if that 7 oft ie faid. Rhomb be greater than can well be 
: the Length of 5 degrees of the Equi. 
sehen and look how oft you can find that 
he Rhomb aforefaid, for {o many hundrecd 


ees) tae iowa 
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240 Geographical Definitions, 
I], : 
A Continent is a great Quantity of Land not divided nor feparated 
by the Sea, wherein are many Kingdoms and Principalities s as Evxrope, 
Afia, and Africa are one Continent, and America is another. 


Hil. 
An Jfland is fucha part of the Earth that is environed round with 


Water ; as the Ifland of England and Scotland, and alfo Ireland, th 
lle of Wight, Barbadves, &c. 
IV. 


A Peninfula is fach a part of Land as is almo encompafied about 
with Water, and is only joined with the Land by an Uthmus s {ach is 
that great part of Land in America, called Peruc jana, and Morea in 
the Levapr, 


1¢€ 


V. 
An Vthinus is a narrow Neck of Land, which joineth the Peninfula 
to the Continent. 
VI. 


A Promontory is fome high M untain, 


fhooteth it felf into the Sea 5 as Cape Bon 
in Africa. 


Or great Cape of Land, that 
Ljperance, or Cape de Verde 


VII. 


The Ocean is a general ColleGion of the Waters, which environeth 
the Earth on every fide. 


VHT. 


er e 
_ the Sea is a part of the Ocean, to which we cannot come but through 
fome Strait, as the Mediterranean, and Baltick, Sea. 


Ix. 


A Strait is a part of the Ocean, reftrained with narrow Bounds, and 
rr. 


Opening a way to the Sea ; as the Straits of Gibralter that leadeth into 
the Mediterranean, and the Sound that leadeth into the Baltick Sea 


xX. 


A Creek is a {mall narrow part of the Sea, 


! or Rivers 
a little way in the Land. that £0 up but 


XI. 


A Bay is a great Inlet of the Land, as the Bay of Bifcay, and the 


Bay of Mexico. 
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XU. 


A Gulph is a great Inlet of the Land, deeper than a Bay 3 fuch is 
‘the Gulph of Venice, ana the Gulph of Florida. 
XU. 

A Climate i$a certain {pace of Earth and Sea, that is included within 
the fpace of two Parallels; and of them there have been antiently ac- 
counted feven: 

1. Dis Meros. 2. DiaSyenes. 3. Dia Alexandria. 4. Dia Rhodes. 
5. Dia Rhomes. 6. Dia Borifthenes. 7. Dia Ripbeos, But now there 
ate 24 oneach lide of the Equator, ending, where the longeft Day is 24 

Hours. , 
XIV. 

A Zoneis acertain {pace of Earth, contained between certain Circles 
of the Sphere, and are thus divided : 

The Earth is divided into five Zones, viz. one Torrid or Burning 
Zone, two Temperate, and two Frozen Zones. 

The Torrid Zone is that which is on each fide the Equinoctial, bounded 
by the Tropicks of Cancer and Capricorn. 

The two Temperate Zones are contained between each Tropick and 
the Polar Circles. 
The two Frigid or Frozen Zones, are coritained within each Polar 


— 


Circle and their refpective Poles. 


ibifion of the Carthly Globe. 


The Globe of the Earth is divided into four parts, 


LAS. hid Ss ? AMERICA. 


EUROPE is bounded from Afia by the Mediterranean Sea, on 
the Eaitwith the River, Zanav, and on the: Weft with the Wedtern 


Ocean; and containeth thele Provinces. 
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New France, 


New England, 


Penfylvania, 


Jel and 
Greenland, 


Che Divifian of the c 
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Earthly Olade. 


The Provinces of North America are, 


s re 
Carolina, 
Terra Florida, 

en ea a Nei yh ae eee 
Mexico Or AVE oO pain. 


New Ferfey, 
aah land, 
Virgintay 


H. ifpantola, 
Cuba, 
Porto-Rico, 
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Zodiack Conftellations, 


2A 4 

11 Perfeus, 26 
12 Auriga, 14 
13 Serpentaytus, 2 4. 
14. Serpens, 18 
15 Sagitta, 5 
16 Aquila, 9 
17 Antinous, 7 


Che Conllellatians. 


18 Delpbinus, 
19 Equiculus, 


20 Pegafus, 


21 Andromeda, 


22 Triangulum, 


3 Coma Berenices. 


7 Libra, 
% Scorpto, 


12, 


9 Sagittarius, 
Io C apricornss, 


II Aquarius, 


12° Pifces. 


Southern Conftellations, 


1 Aries, 13 
2 Taurus, 23 
3 Gemini, 18 
4 Cancer, 9 
5 Leo, 27 
6 Virgo, 26 
I Cetus, 
2 Orion, a 
3 Flumen Eridanus, 34. 
4. Lepus, . 12 
5 Canis Mayor, 18 
6 Canis Minor, vel Caniculay 2 
7, Argo Navis, 41 
3 Hydra, 25 
9 Crater, 7 
10 Corvus, 7 
11 Centaurus, a7 
12 Fera, aut Lupus, 19 
13 Ara, 7 
14, Corena Auft. O 


16 Gras, 
17 Phenix, 
18 Indus, 
19 Pavo, 


26 Toncan, 
27 Hydrus. 


27 « 
15 Pifcis Auftrins, 


20 Agus, AVIS Inasca, 
21 Apis Mufca, 
22 Chamelion, 

23 Ty iangulum Anfter, 
24. Pifcts volans, 
25 Dorado, 


The Ale of hoth Olahes. 


The Globes are compofed of thefe Parts: 


Fir, The Body, or Globe it felf. 

Secondly, The Brazen-Meridian. 

Thirdly, The Quadrant of Altitude. 

Fourthly, The Hour-Circle and Index. 

Fifthly, The Woodex Frame in which it +s pue, called the Horizon. 


The Globe doth reprefent the natural Situation and Pofition of the 
Earth and Heavens, and performs Problems of the Sphere, either in 
| Aftronomy or Geography. : 


1. The Braxen-Meridian is divided into 4 Parts or Quadrants, eqch 
| being divided into 90° , within this Meridian the Body of the Globe 
| turneth upon the Axis, being two ftrong, Wires. 

>, The Hoxr-Circle is a flat Ring of Bra(s, faftened upon the North- 
| partof the Meridian, and is divided into the 24 Hours of a natural Day ; 
; and each of thefe Hours is {ubdivided-into Halves and Quarters, ‘ 

3. The Quadrant of Altitude is along and thin Slip of Brafs divi- 
) ded into 90°,and is to move up and down upon the Surface of the Globe 

to any Pofition required ; and when placed in the Zemsth, the Edg 
| thereof reprefenteth an Azimuth, and the Divifions thew the Almican- 
‘ters, or Circles of Altitude. 

4. The Horizen is a flat and round Frame of Wood, in which the 
| Brazen-Meridian, and confequently the whole Globe doth move, being 
| divided into a-Kalendar, thewing the Day of the Month, the Place of 


) the Sun, the Rhombs, ce. \ 


nobler I. 
How to fet the Globe to the Latitude of a Place. 


Suppofe you were to fet the Globe to the Latitude of 52° North; the 
Globe being in the Frame, move the Meridian either higher or lower, 
until 52 doth cut the very edg of the Horizon on the North-fide thereof, 
(te divided Side of the Brazen-Meridian being towards you) then the 
‘Meridian of the Globe being, turned North and South, by the help of a 

Ti Magne. 
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246. Che Mile of the Cerreffrial Globe. 
Magnetical Needle, it doth then reprefent the natural Situation of: the 
Heaven or Earth upon the Celeliial or Terrefirjal Globe. 


The Ufe of the Terreftrial Globe. 


{O.oblem IT. 
Zo find the Latitude of any Place upon the Globe: 


Firft, find the Place sequired upon the Globe, then turn the Globe aq 
bout, until the Place whoie Latitude is required be juft under the Bra- 
zen- Mertdtan , then note what Degree fiands againtt it on the Meridian,, 
that is the Latitude of the Place which was required, 


Example. 
Let: it be required to fd the Latitude of Rome. = Tarn the Body of 
the Globe about till Rowe be juft under the Brafs-Meridian, 


wil fee 42-to be right againft it, whichis the Latitude of Rome, 


{zoblem HI. 
Lo find the Longitude of any.Place upon the Globe. 


and you, 


‘Farn-the Body of the Globe about, till the Place whofe Longitude. 
yow-require, comes:under the. Meridian; then obferve what Degree of 
the Equinodtial is. cut by the Brafs-Meridian, and the Number of thofe. 
Degrees is the Longitude of the Place-you feek for, 


Example, 


Let it be required to find the Longitude of Rome, as before -,.. therefore: 
bring Rome. under the Meridian, which being done, the Meridian wilt 
cut the Equinodtial in 36° 4, the Longitude required, 


Wrohlem. IV: 
To findthe Diftance of any two Places upen the Globe, 
To perform this, lay the beginning. of the Degrees on the 


Quadran ? 


of 


Thetile of the Celetial Olabe. B49 
‘of Altitude upon one of the Places required, and note how many De- 
grees there are contained between them ; which is the Dittance between 
the faid Places. 


Example. 


Let it be required to find the Diftance between London and Rome , 
therefore lay the Quadrant of Altitude from one Place to another, and 
you will find 13° to be intercepted between the aforefaid Places, which 
is the Diftance between London and Rome. 


Probiem V. 
To find the Pofition of Places ene from another. 


Firft, fet the Globe to the Latitude of one of the Places, and bring 
the fame Place under the Meridian, and extend the Quadrant of Alti- 
tude, being fixed over the firft Place, to che other Place, and the end of 
the Quadrant fhall point out on the Horizon the Pofition that one Place 
hath from the other. 


Example. 

Let it be required to know the Pofition of Rome from London; there- 
fore bring London under the Meridian, and there fic the Quadrant of 
Altitude, and lay the edg thereof upon Xome, and the end of the 
Quadrant of Altitude will point you to 53°, which is the Pofition of 

Rome from London. 


The Ufe of the Celestial Globe. 


}oblem VI. 
The Day of the Month being given, to find what Sign and Degree the 
Sun 38 $7. | 
Firft, find the Day of the Month in the Kalendar, on the Horizon, 
and right againft ic you fhall [find the Sign and Degree in which the 
Sun ise 


li 2 Example 
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Example. 


Let it be required to find the Sun’s Place on the fifthof Atay. You 
mult tind che hith of AZay in the Kalendar, and right againft it you will 
find 25 Degrees in Taurus, which is the Sun’s Place that Day. 


Problem VII. 


How to place the Index of the Honr-Circle for any Day in the Year. 

The Place of the Sun found (as In the laft Pro 
that Degree on the Ecliptick-Line of the Globe, 
to the Brazen- Meridian ;: then fiaying the Globe there, turn about the 
Index of the Hour- Circle till it points juft upon the upper Line of XII in 
the Hour-Circle 3 which being dene, the Hour-Circle js rectified for 
that Day. 


pefition) you mutt find 
and bring that Degree 


JQoblem VII. 
To find the Time of the Sun’s Rifing and Setting. 


The Hour-Circle being rectified, and the GI 


obe fet to the Latitude, 
then turn the Globe about till the Degree in which the Sun is, cut the 
Fait-fide of the Horizon 3. and then calting. your Eye upon. the Hour- 


Circle, the Index: will thew you the Time of the Sun’s Riling : and the 
Globe being turned about till the Degree of the Sun cut the Wel-fide of 
the Horizon, the Index.will thew you the Time of the Sun’s Setting, . 


E xample,. 


Let it be required to find the Sun’s Rifing and Setting the fifth Day of 
May, in the Latitude of Loadan, the Sun being then in 25° of Taurus. 

Firft, find the 2 5thdeg. of Taurus inthe Ecliptick Line, which being 
turned to the Eaft-part of the Horizon, you will find the Index point to a 
quarter after four of the Clock; the fame Point of the Ecliptick’ being 
turned to the Wett-part of the Horizon, you will find the Hour-Index 
point to 3 quarters-palt 7, the Time of Sun-fetting. 

Having the Time of the Sun’s Rifing and’ Setting, you may find the 
Length of the Day and Night 5 forthe Time of the Sun’s Rating 


being 

doubled, gives the Length of the Night, and the Time of Sun-fetting 
doubled, the Length of the Day. ‘Eh 2 

peak f j Y Risk Z Example. 
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Example. 


The fifthof May, the Sun rifeth at 4 of che Clock anda quarter paft, 


iwhich being doubled, is 8 Hours and a halt, the Length of the Night; | 


land the Sun-fetting, which is-at 7 aClock and three quarters, which 
\being doubled, is 15 + Hours, the Length of the Day. 


j2r0blem TX. 
To find the Sun's Amplitude, 


| The Amplitude of the Sun isan Atch intercepted between the Eaft 
‘or Wefi-points, and that part of the Horizon where the Sun rileth or 


fetteth. 


The finding of the Amplitude differeth little from the laft Propofition:: | 


for having brought the Degree of the Sun’s Place to the Horizon, you 
‘count how many Degrees of the Horizon are intercepted between the E aft 
or Welt-point and¢hat Part of ‘the Horizon where the Sun either rifeth 
Jor fettteth. 

Example. 


) Onthe fifth of Atzy, I defire to know the Sun’s Amplitude: inthe 


Latitude of London; therefore bring the Place of the Sun that Day to » 


the Horizon, and you will. find 31° 4 intercepted between the Point of . 
the Horizon and the Eaft-point, which is the Sun’s Amplitude. 


Northerly; — 
JPoblem X. 
How to find the Suns Declination any Day of the Tear. 


The Declination of the Sun isan Arch of the Meridian, intercepted ‘ 
sétween the Sun’s Place and the EquinoGtial ; to tind which -youmuft 
bring the Degree in which the’Sun is to the Brazen- Meridian, and there 
tay ir, and count how many Degrees of the Meridian are contained 
setween the Equinoctial and the Sun’s Place, and that: is, the Decli=. 
nation. ) 

Example 


1 would know what Declination the Sumhath the fifth of AZay, the 
Sun: 
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' Sun being 25° in Taurus, which being brought to the Meridian, yous 
be will find 19° intercepted between that Point and the Equinodtial on) 
the Brazen-Meridian, which is the Declination required, 


{2oblewm XI. 
To find the Meridian Altitude of the Sun any Day of the Year. 


‘The Meridian Altitude of the Sun is an Arch of the Meridian, intér- 
cepted between the Horizon, and the Degree in which the Sun is. To 
perform which, turn the Globe abourtill the Degree of the Sun be juft 
under the Brafs-Meridian: then ftaying the Globe there, count how ma- 
ny Degrees are contained between the Place of the Sun under the Meri- 
i | dian and the Horizon ; and that is the Meridian- Altitude. 


Example. 


On the-fifth of AZay, it is required to find the Meridian Altitude of! 
the Sun that Day in the Latitude of London: the Sun's Place in the: 
Ecliptick is 25° in Taurm 5 therefore’ bring that Degree under the Brafs ; 
Meridian, and you will find 57° + to be intercepted upon the Brafs-. 
Me Meridian between the Place of the Sun and the Horizon; that is the: 
ee | Meridian- Altitude of the Sun that Day. 


jO2oblem XIT. 


How to know what Altitude the Sun {hall have any Hour of the Day) 
on any Day of the Year. 


Having, found the Sun’s Place, and rectified the Globe to the Lati-. 
tude, and the Index of ‘the Hour-Circle for the Day propofed, turn the’ 
Globe about till the Index of the Hour-Circle be juft upon the Time 
when you would know the Altitude ; then ftaying the Body of the Globe 
here, bring the Quadrant of Altitude, (being fcrued on to the Zenith) 
and lay it over the Sun’s Place; Then the Number of the Degrees cone: 
tained betwixt the Horizon and the Sun’s Place, counted on the Qua-: 
drant of Altitude, is the Altitude of the Sun at that Hour. 


Example. 


Che Cle of the Celeltial Globe. 


Example. 


Let the Time given be the tenth Day of April; in the [atitude of Lon. 
don, at which time (by the fixth Propofition) I tind that the Sun is in 
the beginning of Taurus, andI would know what Altitude the Sun will 
have at nine of the Clock in: the Morning: The Index of the Hour- 
Circle being, rectitied for that Day,, turn the Body of the Globe about, 
till the Index of the Hour-Circle lies jut upon 9. of the Clock , then debi: 
ftaying, the Globe there, lay the Quadrant of Altitude on the Sun’s Place, : 
‘and the Number of Degrees. between the Horizon and the Sun’s Place 
(counted upon the Quadrant of Altitude) is the Height of the Sun 
‘which here I'find to be 36° at that time,.or at three in the Afternoon ; 
for the Sun hath. the fame Altitude ( nearly) at 9, 8, 7,6, Ge. inthe 
“Morning,..as-it hath at 3,4, 52% ce. in the Evening... 


Wroblem KIT 
How ta find the Hour of the Day by the Globe.. 


This. Propofition: cannot be performed conveniently by the Globe: 
i only, but the Altitude of the Sun mutt be firit taken by fome Inftru- 
| ment, and-then: this is but the Converfe of the former Propofition, 
| which it performs thus: The Globe being fet to the Latitude, and the 
Iadex.of the Hour-Circle rectified, turn the Globe about till the Degree 
of the Sun’s Place meet with the Altitude, taken by the Inftrument. i: 
| upon, the Quadrant. of Altitude,..and then will the Index-.on the Houi- i 2 
| Gircle thew you. the Hour-of the Day. iL 


Jroblem: XIV. 


To find both the Right and.Oblique Afcenfrons and Oblique Deéfcenfien-- 
| of the Sun. 


The Globe being fet to your Latitude, bring. the Degree of the Sun 
to the Brazen-Meridsan,, there flaying it, fee what: Desree of the Egui- 
noftial is cut by the faid Brazen. Mferidian, and that is the Righ- 
Afcenfion of the Sun that Day. So the Sun being inthe beginning of 
Taurus, his Right-Afcenfion will be found. to. be about 28° 5 and». 
bringing 

haga be ed 
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ringing the Sun?s Place to the Eaft-part of the Florizon, in the Lat, . 
of London, the Horizon will cut the Equineftsal in 1 3° 4. which is the - 


Oblique Afcenlion, and bringing the Sun’s Place to the Wett-part of the 


Horizon, the Horizon will cut the EguinoGial in 43°, the Oblique 
Defcenfion. 


Problem XV. 


‘To find the Meridian Altitude of a Star, orthe Altitude of a 
Star at any other Time. : 


To find the Meridian Altitude, let the Globe be {et to your Latitude, 
and then turn the Body of the Globe about, till the Star be under the 
Brazen-Meridian, and then the Number of Degrees of the Meridian inter= 
cepted between the Star, and the North or South-part of the Horizon, 
according as the Star is fituated, is the Meridian Altitude thereof. 

Now to find the Altitade at any other Hour, turn about the Globe 
till the Index of the Hour-Circle be at the Hour you would know the 
Altitude of the Star, (the Index of the Hour: Circle being firft reGified to 
the Sun’s Place) and then apply the Quadrant of ‘Altitude to the Star, 
and the Degrees of the Quadrant cut by the Star are the Altitude at 


that Time. | 
Problem XVI. 


To know at any tyme of the Dayor Night, what Stars be above 
the Hurizon, 


This is no other than to place the Globe in ‘a ‘true Pofition -a¢ 
that Time : Which is eafily performed by turning the Globe (the 
Index firft rectified to the Sun’s Place) till the Hour-Index point 
to the Hour of the Day or Night; and ftaying the Globe there, you 
will {ee all the Stars that are above the Horizon at that Time. 


{oblem XVIT, 


Howto know the Rifing, Culminating, and Setting of any fixed Star ; 
al{g what part of the Horizon he rifeth and fetteth in. 


Having 
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Having rectified the Index of the Hour-Circle, and-placed the Globe 
according to the Latitude, then bring the Star, whole Rifing, Culmi- 
nating, or Setting you delire, to the Eaft-fide of the Horizon ; then 
will the Index of the Hour-Circle fhew you the Time of his Rifing ; 
then bring the fame Star under the Brazen- Meridian, and there flaying 
the Globe, the Index will (hew you at what Hoar the faid Star culmi- 
nates, and comes to the Meridian. Laftly, bring the fame Star to the 
Wettern-part of the Horizon, and then the Index of the Hour-Circle 
will thew you at what hour the faid Star fetteth, and by the Horizoa 
you may know the Amplitude, as of the Sun. * 


W oblem XVII. 
To find the Hour of the Night bythe Giobe. 


You mutt take the Altitude of fome known Star by a Quadrant, or 
other Inftrument, and then having reétified the Index of your Hour- 
Circle according tothe Day of the Month, turn the Globe about ull 
‘you make the Star agree with the Altitude upon the Quadrant of Alti- 
tude to the Eaftward or Weltward of the Meridian, according to the 
Star’s Pofition ; then the Index of the Hour-Circle will point out to you 
the Hour of the Night. 
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A Short Appendix, fhewing fome fecret 
Properties of the Loadftone. 


y ‘tHe Nature, and:firange Properties of the Loadfone are fuch, that 

& the more they are known, the’ more they are jufily to be admiired, 
m their lively expreliing the infinite Power and Goodnefs of God, who 
hath created: fo precious a Jewel for the profitable ufe of Man and for 
the enlarging. and fetting forth of |his. own Glory, efpecially in’ that 
Aufitance it affords.to Man, in the Difcovery of ‘the whole Univerfe, 
which is the Work of his Hands, and his mighty Wonders in the deep 
Waters 5. the Properties not only ferving for Maritime Affairs, but alfo 
in; travelling by Land in vaft. and folitary. Defarts ;. for moveable Sun- 
Dials in all Places‘of the World; for the more ready and exact Choro. 
Brapny of any Country, or true plotting of any Ground, and for fol- 
jowing of any Mineral Vein (void of Tron) under the Earth; and alfo 
for Coal-Mines,. with feveral other neceffary Ufes ; retaining in it felff 
a5 lt were, the Mirror of Philofophy, manifefted by. its Sympathetical 
Coition,, and Antipathetical Repulfion, with many other occult Opera- 
tions. very admirable to behold 5. two efpecially that.are treafured up in 
ity-dusky Entrails,. one of Attraction, the other of Direction : it hath 
Sabltance, Virtue, and Operation, fexving to many good Purpofes : 
therefore. this Stone of all others may be accounted the moff precious, 
wherein.the Majefty of Nature doth moft appear 3. which admirable 
Treafure God hath vouchfafed to reveal unto the weak Knowledg of 
wian towards the end of the World, being fo plain’ to 
Capacity, and that out of a bafe contemptible Stone, as it 
be, and yet filled with fuch excellent and wonderful 
Gems in the World have not the like. 


the meanef 
feemeth to 
Virtue,, that all the 
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Of the Name of the Stone, and of the Colour, and from 
whence it comes, and how it was firft found. 


This Stone is called Adzgues, ufed under that promifcuous Appellation 
both by the Greeks and Latins, and as Lucretsws writeth, the Name is 
derived from the Country Magnefia. 


The Greeks do call # Magnes from the Place. 
For that the Magnets Land it doth imbrace. 


Plato faith, fome call it Laps Heraclius, from the Name of Heraclea, 
a City of Lydia, where it was firft difcovered ; and upon the fame ac- 
count the Touchftone is called Lapis Lydia. : 


Theopbraftus, in his Book, of Stones, for the fame reafon callech ic 
Herculeuna, 


Nicander thinks the Stone fo called, and fo doth Pimy from him, 

from one Magnes a Shepherd 3 for it is reported that he found it by his 

Hobnail’d Shoes, and his Shepherd’s Crook that ftuck to it, when he fed 
his Flocks in India. 


Others call it Siderites, from ofdveG@» which fignifies Iron, By us it'is 
called a Loadftone, alluding, to the two Stars in the Tail of the Celeftial 
Bear, which were aitiently called Load-Stars, or Leading-Stars ; and 
therefore this Stone bears that Appellation, which now performs the 
fame Office. 


This Magnet, or Loadftone, 1s found in divers parts of the World, 
and m>% commonly in Iron Mines, and by fome fuppofed to be of the 
Iron Oar. : 


Of thefe there are divers forts, different each from other, as well in 
Goodnels, asin Colour, Weight and Force, buc not in Property, (altho 
many have judged the Caufe of the Variation of the Needle to be accor- 
ding to. the Dittance of the Mine from whence the Stone was taken, anc 
the Place where itis ufed, but there is no fuch thing) for all Stones {oever 


have one Direction. 
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The firft and beft fort of thefe Stones come out of Eaft-India, from 
the Coaft of China and Bengala, and are of the colour of Tron, or San-- 
guine colour : Thefe Stones are mafly and weighty, and will draw or, 
lift up the juft weight of themfelves in Iron or Steel, and fome five: 
times, ten times, and twenty times their own weight s and thefe are: 
of the fineft fort, and are commonly fold for their Weight in Silver in the 
Eaft-Indies where they grow, becaufe the beft or tinefi are very rare to 
be found; for it is commonly an entire Stone, lying in the Earth’by it 
lelf, and no piece or part of any other. 

There is alfo another fort, of areddith colour, 
the Red-Sea, growing broad and flat, much like unto a Tile of q 
Chimney-Hearth: Thefe are not Weighty as thofe of China, but are 


very near as good, and the Virtue continueth long on the Compas or 
Needle that is touched upon thefe Stones, 


There are of thefe Stones] 
Porta Feraro, and are called 


Black Magnet + becanfe there is another fort that is-white and ] 
unto a picce of dry Pullers Clay, and are called ( 
black Stones are iningled with white Veins : 
nor their Vircue of long continuance. 

Alfo there are of thefe Sto 
like a Honey-Comb, and | 
thefe are of an [yon colour, 


Another fort there are in WVormay, in the Iron Mines, as in Long- 


Sound, and other Places; their Colour is black, mixt with grays thefe 
are alfo of an indifferent force. 


There are alfo fomein the Mines of C arraca and Cantabria 
and {ome there are found in the Welt of England. 

‘Where are fome found alfo in Bohemia, and feveral other Places. 

All thefe Stones are different one from another, as well in Force, as 
in Colour and Weight, yet all of one Operation in the Needle, fhewing 


all one Point of Direction: which is a moft wonderful and adinirable 
Providence of God to caufe it fo to be 5 for infinite would the DiftraGti- 
ons be, if, it were otherwile in the praGtical Le of the Compats: For 
true it is, thaeGod isn ighty and marvellous in all his Works > and truly 
his Power is greatly thew 


n in this wonderful Miracle of Nature, as in 
any Stone in the whole Creation, 


found in Arabia, and 


ikewife in the Levant, rear a Town called 
tere Calamita Preta, that is to fay, the 
ight, like 
-Glamita Blaxca. Thefe 
they are of no great Porce, 


nes in Fiigh-Germany, that are fall of Holes 
ighter than the other, but. better than they ; 


In Spain, 


Of 


rperiments of the Loanfione. 


Of the A rtra€tive Virtue of the 
Loadftone. 


That this Stone hath an attractive Operation, is apparently mani- 
| feft , for if you apply a piece of Iron unto either of the Poles, it will 
there hold it, and at a diltance will alfo draw or attract a {mall piece 
| of Iron, according to the Vigor or Imbecillity of the Stone; but 

v be artificially improved to be 


what Strength foever it hath, it may ally 
greater than can by it felf be difcovered : which is to be performed 


by applying a fmooth and bright piece of Iron to either Pole of the 
Stone, and it will immediately deliver its Virtue unto it. The Virtue 
being herein contracted in this piece of Iron, the Stone doth manifeit 
it felf to have ten times more Strength 3 for this Caufe therefore are 
Eoadftones capped with Iron, for the artificial Augmentation of their 


Strength. 
unicated from it {elf to any thing, elfe 


And this Virtue is freely'comm 
that is capable of its Reception ; fo that a piece of Steel having received 
Strength from the Stone, that will alfo attrat another piece of Steel in 
proportion to that Virtue it hath received. 
This Experiment I have often tried upon my Loaditone ; for by 
touching of a Knife upon it it will take up a Key. of two ounces 
weight ; and that within the Sphere of the Stone it {hall deliver the 
Virtue into a piece of Iron, and not touch the Stone at alls and likewife 
over the Stone, it fhall caufe one piece of Iron to hang to another: So 
wonderful is the attractive Quality of this Stone, manifefied in thefe and 


the like Experiments. 


£ +] 2 J ' 1. ° 4) Denhort 
Of the Sympathetical and Antipathetical Property 


of the Loadftone. 


d 


a Needle is touched upon a Loaditone, the North and 
pply themleives re(pectively to thole 


When 
South-ends of this Needle will a 
Poles from whence they received their Magnetical 
end of the Needle will fy to tne North-end of the St 


4e 


eq 
& A 


Life, to wit,the North- 
Stone, and the South- 


9258 Che Aittue of the Laeneone, 
end of the Needle to the south-end of the Stone : 
mutual Sympathy 5 but py (ting the North-end of the Stone to the South» 
end of the Needle, when it is upon a Pin, the South-end of the Needle 
will immediately fly away ; and if you put the South-end of the Stonee 
to the North-end of the Needle, it will alf difcover its Antipatheticah! 
Nature, and ty away from ir. 
But a contrary Operation there js yet in the tw 
Loaatione; for if one of the Needles being | 
appy’ the North-end of one Nee dle to theN 


which denotes thei 


O Needles to that of thee 
iung upon a Pin, and yous 


orth-end of that upon ther 
Pin, it thal immediately Aly away 5 which denoteth a contrary Operation 
IN] i}. 


in che Needle to that of the Loaditone, and the South-end of one will] 
iinitediately cone to the North-end of the other, 


the fare Property. of Byttuvachieiand ne 
Repdliion ° 


and Antipathetical | 
h 1S allio dieovered by two Loaditones, Hoating in two little: 


Boats iia eveat Bafon of Water, the two Poles of either Stone being - 
difpofed pavalicl tothe Plain of the Horizon; and if you put both the 
South: Poles roge ther, they fhall avoid the Contact of one another by a 
natural Antipathy s bat if the North-Pole of the one be dize&t to the 
South-Pole of the other, they will immediately manifett their natural 
Sytnpathy one to another, and will cleave together. by a lirong At- 
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$ ji parently evident between the great Magnet the Earth, 
and a Loaditones for if you put aLoadftone intoa {mall String, and 
let it hang in the Air, or elle to float in the Water in. a Wooden Dith, 
and putting the North-end of the {mall Magnet towards the North-end 
of the great Mignet the Earth, it thal] iminediately change its Pofition, 
and turn its North-Pole towards the South-Pole of the (aid Preat Mag- 
net. The fame Experiment ig alfo found with Magnetical Needles, or 


Mariners Cmopaffes, being placed near fogether, the North-point of one 
will draw the South-point of 


{ the other, and fo will and North to 
South ad Infinitum, 


This js alf app 
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Of the Confequences that follow the vartous-¢ viding 
and cutting of the-Lo aditone. 


“Fa Loadttone be confufedly broken -by Violence. into many Pieces, | 
i each of the Pieces hall be an entire Loaditone, having both its 
Piles dittinaly of it teik, with all the other Properties: that were in the i 
Scone before 1t Was broken. : ‘a 


¢ aLoadttone be divided in the mid@ between the two Poles, 


Prt } 

* { : Cys : a bf fe rei Ril a Wed 
im the Eguinodtial, then it 3s ablolutely two. entire Loadttones 
thofe Parts which were the Equinodtials before, avenow become two 


Poles, and the two Poles that were Poles before, do continue the fame. 
But if a Stone be cut Meridionally quite through the two Poles, fo 
that one Axis 8 now converted into {wo, and each of thenr remove 


‘nto each Stone, fo that #it, 1s alfo become two entire Loaditones, the 

Avis of either of them will retire into-the gravity of either piece 5 and it 
; ae 91 TK? Fina Reet os eee | 

two pieces together again, the ewo Axes will again be- 


you join thefe | 
come one, which is moit admirable to behold. 
gut if you cut off a piece of the Stone at the very Pole,.in a parallel 
Sion, the Virtue of that Piece will immediately retire from it unto the 
main Stone, and will {carcely have any Virtue at all therein 5. but apply- 
“ing, this fnall Piece that was cut off, tothe fame Place again, the Scone &- 
will forthwith impart the fame Virtue as was before, into this Piece fo 


cut off fo long as it doth abide in that Plate: but when it is removed, \ 
it doth again recal its Virtue fom the {aid Piece, This-T- have experien- : 
Hy 


ced inca Stone of a very confiderable Price. 
And in the fame manner, if you apply a weak Stone to the Poles of a. 
ftrong, one, the ftrong, Stone will impant of: its Virtue to the weak Sone, : 
making it to be as firong, as it felf, fo long asiit 1s irs Neighbour; but 
when this weak Magnet deferts this neighbourly Propinquity, the ftrong 
Magnet will draw its Virtue to it (elf again, and.will tealt 1¢ no further 
than the Power of its recal. i] 


wha 


afterwards cut an Onion or Garlick 
lofe.its Virtue. 


you are pleafed to make trial of it, 
Pallacy, 


Loaditone, while j 


Co find the Wotes of aly Stone, 


Lo find the Boles of a Stone. 


“Here are feveral Ways for the Performance of th 
d Firft, you may have a thin plece of Steel about an inch in length, 
and .;.of an Inch broad $ this piece of thin Stee] being bent circular, and 
laid on the Stone, 


will inamediately lie Parallel to the Axis of the Stone, 
and ‘direct which way the Poles dolie. Wy! 


Vaich being difcovered near 
where they lie, you may tind them more exactly by a {mall Piece of a 
fewing Needle; which being laid on the Stone, if it be near either of the 
‘Poles, will elevate one end thereof; thea move jt Jarther and farther, 
till it doth ere& it {elf Perpendicular, and that very Point will b 
Pole of the Stone. : 
Now to know. which Pole it is; you may apply a {mall Necdle of a 
Dial to it, and if the Pole draw th 


€ North-end of the Needle, then is 
that the North-Pole of the Stone . 


is Experiment. 


e the 


° 


by hanging it over the Stone whete \ 


Whether Onions or Garlick do 


obftruct the Operation of 
the Loadftone 2 


Here is a common received Opinion, That if 
rubbed over with Garlick or Onions 


'¢ Loadftone be 
Virtue thereof; or if a Knife bein 


» that it will obttru@ the 
& touched upon th Loaditone, and 
therewith,, that it will immediately 


This Coneeit hath al been countenanced by the Antientss but if 
you willfind it. tobe but a meer 
It is alfo as falfe, that the Diamond doth hinder t 


he Virtue of the 
C 1S near it. 


erperiments af the Loanitone. 


A delightful Experiment performed by the Loaditone, 
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repr efenting the Engaging of two Armies tn Datiel. 


Or the performance hereof, you muft have a Brafs or Pewter Plate, 
and upon this Plate put feveral little Heaps of the Filings of Iron, 
with fome fhort Bits of, Sewing-Needles, and put them in order of a 


Battel, one main Body againit another, alfo with their right and left 


Wings, and their Forlorn-hopes ; this being done, bring the Load 
fone under the Plate with one of the Poles upward, and put it firlt to- 
ward one of the right Wings of the Army, and they will immediately 
receive an Alarm, andas it were ftand to their Arms3 then move the 
Stone toward the other Wing of the Enemy, and they allo will re- 
ceive the like Alarm; and then by moving the Stone to and fro under 
the Plate, you will put both Parties into a Motion, in a Charging Po- 
fture, and one to charge the other in adefperate Engagement, and one 
to come within the other; and fo you may at laft engage the main Bo- 
dies of the Army 3 and there you may fee that fornetimes they are Con- 
guerors, and fometimes conquered, which is caufed by the Motion of 
the Stone with your Hand: under the Plate ; and the fhort Bits of the 
Needles may reprefent their Generals and Commanders, which will be 
very full of Action, where you may {ee fometimes that there will be 
20 or more of the Common Souldiers to fall foul of the {aid Comman- 
ders: And if between thefe Armies you put ftnall Breaft-works and 
Trenches made with Sand, and Filings put in the Trenches, you will then 
have reprefented the fudden rifing of them one againft another, as if they 
lay in Ambuth, waiting for an Opportunity againtt their Enemies. 


To make a Sewing-Needle fim upon the Surface of the 
Water, and to play up and down like a Fifh, andto find 


out the Magnetical Meridian. 


Ake a {mall Sewing-Needle, and touch the two Ends thereof upon 
“the two Poles of the Stone; and having a Gla{s of Water before 
you, take the Needle very lightly between your Finger and Thumb, and 
lay it lightly on the Surface of the Water, fo that it break not through, 
and there it will lie, then takea Knife that hath been touched with 
the Load@one, and biing it to and Od the edg of the Glais, a 
] the 


ae = 
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the Needle will follow it up and down, and-will play up and down on 

the Superticies of the Water likea Fifth; and then take away the K Hite, 

and the Needle will immediately pofit it felf to. the Meridian, pointing 

due North and South. : 
Such an inferiour Inftrument as this may ftand Men 


fen in great ftead in 
time of great Straits and Exigencies, if they fhould be at Sea, and their 
Compafles be taken from them; for if you put a Needle, being touch’d, 
through a {mall piece of Cork, it will then perform this Effe@ exceeding 
well in all Storms and Tempefis whatfoever, being born up by the Cork 
on the top of the Water, and the Pofition thereof will be continually in 


the Magnetical Meridian. 


~» 
| 


© 


oy e lo o 4 “7? ™» 7 3 
To: infufe. Magnetical Virtue into a Needle, without 
the help of a Loadftone. 


§-Ron beinga Mineral of the Earth, and having a Sympathetical Qua- 
a lity with the Loadftone,. acquiring this Verticity from the Magneti(m 
of the Earth, being difpenfed according to the various Pofitions thereof 
forall ton, whofe Pofition is parallel to the Axis of the World, or if it 
be. perpendicular.to the Horizon, the upper-part thereof fhall have North, 
and the lower-part South-Virtue; as. Bars in Windows, Cafements, 
Tongs-and Fire-Forks, and all {ach things, @c. And according to the 


‘Kength of the. Time of the Pofition of any- fuch piece. of Iron, the 


Rronger Virtue it doth contraét: So that I] once made Experiment up- 
on-a{mooth piece. of Iron, which had for feveral’ Years been ina pere | 
pendicular Potture, and I filed the upper-end thereof bright, and touched 
afmall new. Needle thereon, the South-end J. touched upon the North 
or Upper-part of the Iron, and the. North-end upon the South’or lower- 
5 and T found the Needle to play indifferently well, and to conform. 
it felf to the Magnetical Meridian. 9 
The Reaton of this is from the Nature of the- Iron, .it being a. Metal 
deducted out of the Loadftone, or out of aMine.of that kind 5 the beft 
Iron Mine and Loadftone is the fame things for it being placed. artifici- 
ally in the Air, or upon the Water, moveth North and South, attra@- 


U 


eth other Iron unto it, and performeth the. fame Conelufions as the 
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Needles, being touchea upon the Loadftone. 
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F you touch two Sewing-Needles contrary one to 

1. met : 
the Omer 


to fay, the Point of the one Northerly, and the Point of 

Southerly, and put them into two {mall pieces of Cork, and put them 
thus ina Bafon of Water, one at the one fide, and the other at the other 
fde of the Bafon, you thall fee them as it were quickened with a vital 
Spirit, even {> to move one towards the other, at the firlt fair and foftly ; 
but when they draw near, they will ruth together with great Violence, 
the Point of the one firiking precifely at the Point of the other. You mutt 
place the Needle that is touched from the North, on the South-fide of 
the Bafon, and the other onthe other fide, otherwife the Heads and not 
the Points will run together. 


Of Cementing and, Piecing of Loadftones. 
F a Loadftone chance to be broken, it will not at alf be detrimental 
L to the Virtue of the Stone, provided that they be joined together in 
the fame Place where they were broken off, which may be fet together 
very ftrongly, by the help of a Cement prepared for that purpole, 
which is thus made:: 

Take the fine Pouder of Loadfone, and half fo much Pouder of 
Brick, made very {mall, one part of Burgundy-Pitch, half {o much 
Rofin, anda {mall Portion of unwrought Wax, mingle thefe over a 
foft Five, and heat the two pieces of the Loadfrone very hot ; then take 
of this Cement, while it is hot, and lay it on very thin upon the two 
pieces, and then join them together very hard, and as clofe as you can, and 
let it fo ftand until it be cold s and you fhall have it fully as firong as if it 
were an entire Stone, and not to be fevered but by a great Fire. 


Here follow feveral neceffary TABLES, with their 
Ufe and Application in the Art of Navigation. 
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. Were required to tind the Moos’s Age on May the 4eh, 


1695. 


The Explanation and Ufe of the preceding Table 
of the Moon’s Age, 


aN the faid Table, the one half Page contains the fart fix Months:of the 
S Year, the other half the following fix Months: in the firtt Column of 
each half, towards the left hand, are the Months > inthe fecond, the New, 
Full, and Quarters of the Moon: in the three following Colamns are the 
Days, Hours and Minutes of the {aid New, Full and Quarters; which - 
time is accounted from Noon to Noon, At the bottom of the Tables are 
the Eclipfes for the refpedtive Years, 


Use of the Table, 
The Ufe of this Table is readily by InfpeGion to find the Day,. Hour 
and Minute of the New, Full and Quarters of thé Moon, 


Example 1. 


Suppofe it were defited to find the time of New Moon in 

Firft, Look-for the Year 1695, on the top‘of the Leaf . 
found, look for January on-the tirft Column toward the left-hand > then 
‘inthe next Column, inthe fame Month, is found New Moon 5 and in‘the 
‘three following’ Columns againft New Moon, {tands 04,4 15, 05, which 
thews that the New Moon in January. 1695, is the 4thday, 15 hours, O5 
Minutes Afternoon,’ ‘The fame DireCtions and Confiderations ferye for 
the Full Moon, orfirftand lat Quarters, 


Note, That when the Moon is in the frft Quarter, itis 8 daysold, at 
the Full 15-days, ‘and inthe laft Quarter ‘22 days, Suppole therefore it 


Jan. 1695» 
which having 


Looking in the Year 1695, the Table gives:the New Moonto!beion the 
2d day ; therefore it appears the Moon ‘is .2-days old-on -the {aid 4th of 
May. 

Example >, 

Suppofe it were required to find the Moons Age onthe 17h of _4j 
git, 1695, 

Looking inthe Year 16.95, inthe Month.of Auguft, 1 find the Moonito 
beat the Full on the 13th day (that's, 15 days old); then the day for which: 
[would find its Age, being.a days after the 1 sth day, 15 aud 4 making 19, 

V'conclude the. Moon to be 19 days-old on. the aid 17th. day of uguft, 


P| 


| A Table of _ the Tides on the Sea-Coafts of Gteat- 
Britain, Ireland, Norway, Holland, Flanders, 
France, Bifcay, oe. Shewing what Moon make ie 
full Sea in. each of thefe Places, at every Day of the it 


Moon’s Age, after the Full or Change. 


The Defcription and Ule of the Tables. 


[rft, you are to underfiand,. that in. the firft.Column of the Table 
' isthe Age of the Moon after her F ull and Changes and the feeond 
and third Columns thew the Hour and Minute of Full-Sea at each ,fre- 
mentioned in the faid Tables ; and the fourth Column i 


{peCtive Place 

fheweth the Names of the faid Places; and. the fitch {heweth the Set- a 
ting of the Tides upon the fame Point of the Compals expreft_ in the | 
Title. And alfo in the Title you have the Hour when the Moon cometh 


upon each Point of the Compals, at Full and Change. he Ufe of i 
which Tables hall be further iuftrated by this following : 


Example. 


‘Suppofe you would know what Moon makes Full ‘Sea at Dartmouth 
and Torbay, and at what Hour ‘¢ cometh’ to fuch a Point-of the Compats, 
and the time of High-Water any: Day of the Moon’s Age. 

Firft, Look fot Torbay or Dartmouth, which yeu will find under the 
Title of Eaft by North, and Weft by South, which doth thew, ‘that: at 
the Full and Change of the Moon fhe cometh on. that Point of the | : 
Compafs at 5 hours 15 minutes, and then it is Full-Sea in the tore- | 
mentioned, Places. 

So likewile if it be demanded, What time it will be Full-Sea when 
the Moon is fix days after the Full or Change ? Therefore look in the 
Gr Column for 6, and right apainft it, in the fecond and third Co- 
lumns, you will find 10 of the Clock, and 3 minutes pati, which :is 
the Time of Full-Sca in the fore-mentioned Places, at that Day of the 


Moon’s Age... ra: i) 
Mm 2 North i) 
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North and South. 
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0} 12 )0°C) In the Road of Gibralter, On the Coat | fame Point. 
1112] 431 of Flanders. At the North-foreland, At |—— 
2401/36) the utland-Ifands. Before the Hever,| From. the 
3 102 | 24 Esder,. and Elve, on the Coaft of Holand, | Nefs to -Bo- 
4/03 12] At Doyer-Peer, on Beachy Shore. At Or- | leigns 

| §|94} 90 | fordne/s 5. in the Condado, before Enchuy- 

610448! fen, Horz, and Urk. Dunkirk, Half: | 

| 7{°5|39| Tide at Newport. Half-Tide at Port{msouth, 
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114 rt] Cape Cantin to Bojador on the Coat of | 

1§|12}00\ Barbary. | 

North by Eaft, and South by Weft. | 
H. |M. Setting af. the} 
— | Tides upon the| 
12 Fe 12 Hours, 45 Minutes. fame Point. 
Or |33 - —~| 
02/21; At Garnfey. At Flafhing. Thwartof| From Be-| 


©3 |09, Beachy in. the Offing.. At Winchelfey.| leign to the} 
eee Within the Afaes. Within Terveer. In| Some. 
04/45) the Camber of Rie. Weft end of the} From Sta-| 
O5 |33; Nower. At Rochefter, and Malden. At} ples to. Bo--| 
06/21. Flafhing, North-Caen. leign. 
07 | O09 
07.137 
08 145 
99 133 


The Cive-Cabies. 
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oo ec Le eS 
North North-Eaft, and South South-W One. 
Setting of the 
Tides upon tb 
o1 Hour, 30 Minutes. fame Pont. \- 
Before the aes and Goree. Before |: From Ca- |: 
Terveer. The Weilings, On the. Coal lice. to Bo- 
of Zealand. ‘ Before the River of Thames. | leign. 
Before Yarmouth. In the Downs, Thwart 
of Donginefs. From. the Welt-End of 
Wight, Without Calice and Blackne/s. In} 
Bluct. At Bell-Ifle, under Holy-Iflanda, 
Tinmouth, Gravefend, At Corpus Chrifti 
lPoint. Before the Fea in the Channel. 
At Horn, Edam, and before Camifere. 
At Army, Ramkins, and Camfere. At : 
Berwick, Onthe Coalt of Finmark, From i 
the Straits. Mouth to Cape Cantin on the : 
| Coatt of Barbary. : 


~~ North-Eaft by North, and South-W eft by South. | 


Setting of the 
: Tides upon the;- 
02 Honrs, 15 Minutes. fame Hee. ! 


without Blwet. Before the A/aes, Be-| Between i. 
fore the Weilings. St. Aadrems. Denby.| Calice and 
| Without Peuntnay. Tl Deotes. 
From Dus- 
\ kirk to Gra- 
veling. 
From Sta- 
ples to Ee- 
ram. Fromi| 
Dartmouth \~ 
to Exmouth, 
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North: i aft, and South-Weft. 
D. = ) Mi 03 Hours, 00 Minutes, Setting, of the 


| Tides ‘upon the 
At London, AmfPerd, 1, Dort, Rotter-| fame Pots. 
j { 
dam. bag zee, Before Net wea fle. In Ro- 


7 
| 


if 

fe 

6 | bint hoods Bay. Before tl the Zées ‘tid Hartle-\ From Cape 
24 ol. Wit ithout th e Banks of Flarders. Be-| de Hague to. 
12 owen Calicé aii | De ‘ver, Before Conquet, Alderney, 

20 | th Pens, Groy, Armentiei ‘5, Ufe, Kilears,| through the 
8} Porthus. The ‘Riv ér Bourided x,” T he South Face of Al- 
5} Corut’ of / Br stain, Gafcoin, and’ Potton, | ae ney. 
4|The Coal df Bifeay, Galli¢i a Portugal and | From Garn- 
12 | parte. North: Cape, from the Race to the fey to the 

| ole-head. Before the River of av cee and | Caskets. 
before the Bay of Tiamouth,- Quarter-Tide | From’ AGI. 
12)12136/ at Flambor rg h- head: on the Welt Goalt of ford to Ram. 
13/O1}24/ Ireland. Ae Buchanefs and Orknefs. Ini fey. 
14/02/12) Shotland, and Fair Ile. Ac'the Tfland oy 
15/03 {00} nerf And at'C, ape Bon Efper ante, | 


‘NorthFatt by Haft, atid South: Welt by.\ Welt, 
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| D.|H. 1M.) | Setting of the 

| of 3445 03 Hours, 45 Miuntes, | Tae my 

| ‘ 4/33). | — 

| ,2/ 5124). Between Dover and Calice. At the | From Struy- 

| 3 5 }05! Maes. At Roven, Silly. Betoré’St. Afar- | [aere to 

| 4) ©157| thems Point. At rae In the Sound. Be- | Deep 

| | in 45) tween Ufhant and the Adain. Before the From the 

tha 3/33 | Bafs. At St. Afatthems. Before Rochel. Lizard to 

eye dea The River of Bordeaux within the Haven. 

| 8)10 109) On the Coaft of Spain, Portugal, Galicia. | Pion Capel 

9|10! 57 The South fide .of Britasn, Gafcoin, and | Cleéy unto 
10/11 F45)\\the Welt Coaft of Ireland. At Huntclif- Lendey. 


11/12 /33| foot,  Half-Tide at Flamborough-head, 
VE ae } F2'or|21 | Quarter-Tide between it and Bridlington- 
i | 13 02/09) Bay. | 

aN | I4.j02 | 57 | | 
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~Kalt N ini and Weft South-W eft. 


8) {He4M. | _ Setting of the 
— = | ; | Fides’ upon the 
oO} 4 | 30! 04 Hoars, 30 ALinutes, | fune Point, 
1} § {ie pet 
=e 6 1c | Before Humber, Flambrough, Scar br ough, From n Oped 
3} 6154) Abberwark, In Falmouth. In Monfe hole. to St, Cabeline, 
? | From Berch- | 
4) 7) 42 Sept. Iles. Without the Haven, in the | ane ca Say lt 
5 | 8/30) Broad Sound. Without the Fuurs. All the) Gt. The gree- | 
6'09-118,| South Coatt of Ireland, as Kingfale, Cork, | Sound, out and | 
7 | 10106] Youghal, Waterford, and Cape Cleer. In . From Cape | 
g| 101§4/ the Breefound and Vourd, he Glefis of fi lee to the fle 
eis B. f Salties, Be-| 
| 9} 11) 42| Texel, Bloy, and St. Adatth-ws, At the Bay | “tween Londey 
10/12] 30 within Ufhant. At Calice in the Creek.) and the Holms,| 
11/0] cS Dungarvan. Baltimore. Within A4ounts. cs Briftol. | 
12| 02 | Bay. In the Sea of Wales-and Severn. | From Silty to} 
eat @: | the Lands- End | 
pai >* 54 of England, 
114) 03 | 42) | Pea the Star! 
15 | 04 pee Portland. | 
Batt by: Nosth, an id Welt by South. 

D. | KH. 1M. i Setting af the | 
—| Baa: | | Tides upon  the| 
NE 5 05, tours, 15 Muizutes. | fame Point. 
| 6 j}03! | eetenpeee oan 
65a) da Darepouth and: Plimouth, Foy and | From the 
7 139, tenbay, Falmouth, Adilfard, Ramey. In} Ile of Bals 
O27) “ales thwart of Londey. Before Liz-d tothe Fourn. 

9 las. In all ithe Havens jon the.South Coatt of , From she 
110 (03, | Ireland, .andiin the Bay.ef Carzaruae. At) D or fies to 


| 51 | the Mouth of Severn, Between Silly and | Cape ( deer. 
| 39) the Lizard. At the Spurn, New-Cajile, | From Silly t 


127, and Humber, At Moonlefs and Caldy. |e the Lézard., 
19) (Brom Pont 
103; Jagd to 
I aa 

152 Wight. From 
139) ; \Waght ito 
127, | Beach 
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The Cive-Cabies. 
Eaft and Weft. 


| Setting of the 
| Tides upon the 
| fame Pott. 


Before Bremen, Teffel, and Hamburgh.| From the 
At Blackney, Wells, Hull, Concallo, St. Ma-| Caskets to 
lo’s, Sct. Powls in the Haven, Without | Berchfleur. 
Silly in the Channel. Before Bourdeanx.| From the 
Without Ufvant.: Act Lin Halt-Tide.| Lands-end 
Weymouth, Londcy, and the Holms. At) of England, 
Bristol, Waterford, and Abermorick. At} to the Li- 
Arch-angel. At Quebeck in Canada. At | gard. 
the Mouth of che«River Amazons in South 
America (if youadd 15 min. mere.) 


06 Hours, 00 Minutes, 
a 


a 


Eaft by South, and Weft by N orth. © 


Setting of the 
Tides upon the 
fame Point. 

Before St, Nicholas, and Podefemske.| From the 
In Rafia, AtWeymouth-Key, Briftol-Key. | fle de Bafs 
Between Foy and Falmouth in the Channel. | to Afarwa- 
Foulnefs. “At Garnfey Half-Tide. Before | nen, 

St. Nicholas‘and Podefemske in Rufia. 


06 Hours, 45 Minates. 
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The CiveCabies, eae | 
Eatft South-Hatt, and Weft North-Weft. 


Setting of the| 
Tides upon “the 
7 Hoars, 30 Minutes. fame Point. 


hat of Plimouth, and of the Start, | From. the | 
in the Channel. At the Lizard by the Hand Bryack} 
Land. Between AZonjfkole and falmonth. | | to St. Afaloes. 
In the Offing. In the midi of the Chan- | | From - Bereb- 
nel. At Kélduyn. In the Road of the fear to Seyn-| 
Texel, Atthe Nefs by Weertnghen. /At| head, 3 
the Entrance of the Ewes, or the River 
of Embden. Before the Coalt of Friex- 
| land and the Fly. Milford-Haven. At 
| Cape Cleer. Florida in Carslina. 


[2 | 


South-Baft by Eaft, and North-Weit by Weft. 


Setting of the} 
Tides upon the 4 
08 Flours, 15 Minutes. fame Point, 


ist Thwart of the Mand Wight in the} Behind | 
10 39 Channel. Without the Caskets in the} Garnfey in the{ 

E27 Channel. Betwixt the Wight and Bea-| Fair-way. 
112/15 chy by the Shore. Without the Fly.| Withouc the | 
\Or 03; To the Weftwards of the Foreland. In} Seven-J/lands. | 
JOTI 51: St. Magnes- Sound. Yarmouth. At St. 
}O2 39 Helens. Machnels-Caftle. Dublin and 

eae Cape Sserre lione in Gwinea. 
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The Cide-Cabics. 
South-Eaft, and North-Wett. : 
Setting of the 


| Tides upon the 
09 Hours, 00 Minutes. fame Povst. 


48 

36) Between Garnfey and the Caskets, » At In the Bay of 
24|the Race of Portland. At the Eatt-end of Bennyt. 
12|Wight, Within the Seyn. Before Cromer,|_ Between 
00|Warnterton, and Yarmouth, Friez, and! Morleux and 
43 | Wieringen-Flat.. On the Coaft of Friez- the Treacle- 
36| land, Before the Eaffern and Weftern-| Pots, 
24|Emes. Betore the Fly and Scholbalgh. At 

12| Egmont, and Harlem of Bafs. Betore the 

00] Caskets and Garnfey. At Orkney, Dunbar, 

48|and Kilday. At Fair-J/les, Seven-Clifts:| 

36| At Home-head, and thwart of Plimouth 

24| and Dartmouth. Ifle of Adan, and Cate- 

12| wefs. At the three Rivers in Canada. 

CO 


South-Haft by South, and North-Weft by Weft. 


Setting of the 
Tides upon. the 
09 Hours, 45 Minutes, fame Point. 


Thwart of Ley/taff without the Banks.| Before Con- 
The Needles at the I/le of Wight. Inthe! cala, and the 
Channel thwart of Wight. The Caskets | Ifland of St. 
thwart of Garafey in the Channel. At! Adichael, 
Dunnofe, ‘Tergou, Orfordnefs, and Al- 
brough. At Ley/taff, and at Chambernefs. 

At Cape Blanco in Africa. 


South South-Eaft, and North North-Weit. | 
Tb. +H. | M. : Setting of the 


Tides upon the | 
\yo|30t-.. «10 Hoars,.30 Adinutes. fame Point. | 


1113! ae 

12106) At St. Helens, and the Cows. AtOr-| From Berch.| 

12154! fordnefs, and Harwich without the Banks. | fleur to Ale} 
42) In Yarmouth, and Leyftaff-Road. Before} bonga. i 
30; the River of Thames. Between the Ifle of} From Cape | 
18 Wight and the Mam. At Bulleyn-deep,| Dorfey to the 
06 and Seyn-bead. In the Foffe of Caen.) \fland Darden.) 
54 At Seruyfaert, and all the Coatt of Nor- 

5 |42 \mandy and Picardy. Calice-Road. In 

{06|30'the Frith. At Leyftaff, Quarter-Tide. 

107 |18 Harwich, Dover, and the South-Forelana. 

108106 Between Orford and Orwel-Waves. In 

08 154. Chamberne{s-Road. Inthe Downs. At 

09} 42 Senegal. 

IO/ 30) 


“South by Halt, and North by Welt. | 
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Setting of the | 
Tides upon the | 
11 Hoars, 15 Minutes. fame Point. 
At Cows and Orfordnefs within the| From S. AZat-| 
| Sands, and Hampton, Portfmouth, and thew's- Point | 
Dunnofe. Before the Haven of Caena| to the Bake- | 
Fair-Ifle-Roads. . Harwich within. Be- | Ovens. 
tween the Naze and-Warbead of Lower,| From F ontney} 
041511 In the Chamber and Gore-end. Between| to St. AZat- | 
105139 Cripple-S and and the Creyl. In the thew?se Point. 
106|27| Frisk, and before Adargzate. 
O7|15 


A Table of the trne time of High-Water at London-brid g, 


according to the Moon’s Southing. By Mr. Henry Phil- 
lips deceafed. 


Mong ) Vide DOD RN 
Moon | Tide Moon | Tide 
South, | Lendon, ' South. | London. 


@ Cable of the Sun's Right ‘Acention. 
ee 


| January F ebr, 
@ Righe | 


Oo oO) Ota ) 2B) 
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March. 
@ Right 
_Alcen. 
H. M. 
23 
23 4.32 
23 36 


© Right 


Aicen, Aicen. 


Wm oN 
Oo 90 


17| 00 
21 | Or 


April, May... 
© Right 
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RS 34403. 4% 
03 38/95. 44 
03 42105 48 
OZ 46105 §2 
O03 gO, 05. 56 
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12 
‘ 17 
14. OG 21 
25 


04 38106 46]: 
O04 42/06 §0 
of 54 
}06 68 
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| Fay | Augult. ft, Septem, 


rs 49 118 oc ole) 


(B52. care Cabie of the Sus Right Atcentioti, 


2 | Afcea. | Afcen: Afeen, FAfcea. | Afcen. Afcen. 
|H. . M. | H M.|H.  M. M. +H. M. | H. M. 
mami ef 23;99 25; 19 “Ob £5. O7 1I7: “15 
2'07 27};99 29/tt' 23 D2 15) * 12) 47) 26 
31°97 34]09 33{ts 26 ts }tS a5 [a7 at 
410%. 35 |69 37] 15° Bo I9/Ig' 19/17 -29 
507 39FO9"S4Oren 23163" gat ty 3\17 34 
607° 43109—qgal4aL 37 26/19 27 17 38 
7;O7° 47/09 481 Ir 4x 30415 31/17 4.2 
o7 511,09 Sip It 44 Za} ig 36) 47 47 
9 Ell ua) Lok pw lta cate LN oot laee aes Se 
Je Bick Wiehe gene, 4'fty 4s it7 56 


3) 18 05 
58/18 o9 
14 


= | ee ree frre | eee | eee 
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Oétob. {| Novem, | Decem. 

3 © dish. Kighe (Oia Rigur, © Right Right 1 Right. -} © Right L® Right Right 
i 


283| 


A Cabie of the ren Stars. 
|: A Table of Right Afcenfion and Declination of fome 
| of the moft notable Fixed Stars. 


> | 


S| Right Decli- | 2 
Stars Names. ag | Aicenf. | nation. | o | 
alH. M.{D. Mao] 
| PjOle Star. —— ———— |92|00 324/87 33})N} 
P The upper of the two foremoft of the 
| Square in the Little Bear re 2) 14 S95. 9GTN 


| The upper of the two foremoft of the Square tn. 
| the Great Bear —— ————~ ——|.02}|10 43 
| The lower of the two foremoft of the Square sm 
the Great Bear —- 
The lower of the two latter of the Square of the 
Great Bear ———-———-"— 
The upper of the two latter vm the Square of the 


ETD 


Qo2/1O 4! 


26 & 


o2{11 36 


Y Oreat Bear, ———— —a—e 59: 58 51, Ny 
|| Laff bur two inthe Great Bear's. Tail 40|-57. 47):Ni- 
|| Laff but one in the fame = rols6. 41) N] 

Laft in the fare—_——_—- 34.151 00 N] 

me Drazen: fail — ee 59 165 56) Nt 

Ahkivw6 —————__— oo or baa. 58} NF 

Brightef in the Crown er 27127) S11 NP. 

Brighteft in the Harp ~ os 26 138%. 3°) NI 

Swans Tait cl ad 30/44. OF) NI 

Perfeus Right-Side ——-——- 57.148. 36| Ni: 

Goat or Capella ee 52145. 37) NE 

Auriga s Right Shoulder SEE EDEN IEE NRE 44.444. SON] 

Brighteft in the Serpents Neck ————_—-——— | 28107. 3°I1N 

Brighteft betmeen the Eagle's Shoulders ——— |" ‘Sg [08 (03 IN 

| Fire in PegafusWing, ar Marchab , 48) 83 28 | Ni 

| Beginning of Pegafus. Leg pe al Og 48 | 26 18 NI 

End of Pegafus Wing ee ». Mga 1 bz 22] 

Andraneda's Head. _~ EEN $2 


Southermoft in Andromeda s Girdle ———-—_—- 
Andromeda s Southermoft Foot —_—--————- 
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q Cable of the sired Stars. 


A Table of Right Afcenfion and Declination of fome 
of the moft notable Fixed Stars. 


] =, Richt , Decli- | Z 
Stars Names. 03 Afent nation, ° 
Fr Ets aa >-1H. MID. M.| # 
e Bui s £ye, or Aldeorand bor o4 1711 “3|N 
Potie cs fora ——— are en eT POLLOe, OG 8 ae IN 
| | Pollux — ee jo2 07 14/32 33/N 
a4 | Bright Foor of Gemini Erdle Pi bal he aod Ea) si 
i ee Brighteft in the Lion’s Neck —-—— i ca r9 a, 33 | N 
mia) AH Lion's Heart —— Peale ee segs Se N 
) iy ti ik Lion's Tail —~ =P neb  eae 0b 9 af | '3 33 e 
iM bay) Pirgins Spike ——_— ede ean POUT ET: 32716 © 25) N 
Hey a Souther mol? Seale of Libra Ber a 13 08 2 31 5 
fl Wh | My Norther moft Scale of Libra ee ml Ts r 4 33}! 37 iS 
ie ! Scorpions Forehead : Oe deat 591 of o7.S 
uy Scorpion Ss Heart . eT ee a a C4 ¥ 46118 51 S 
Fomabaue Scar er hy COMME pe ie: 6 10125 37)5 
| Vhale's Faro nea ae es 22 39131 17 J 
Orion's Right Shoulder FPL ie enn re wes 48102 48 N 
Orion's Left Shiulder ates Ra Ade) 38,07 18}N 
BEIAE ty Ohio iCRcR el cer le es = 102 105 o$ 06 -o1rf|.N 
Middle of Orian’s Belt Ree ne Men ie OF 19/00 3545 
| Laft in Orion's Bele sm=——= 02 05 20/01F 2615 
| Orion's Left Foot, or Regel == marmite ke O5 | o9ots 
| Afouth of the Great Dog, or Syrins —— meh, | OF 59 08 37 S 
| Right Forefoot of the Great Dog —— a PRL 
} Little Dog's Thigh a [02 | 06 O9;17 49 S 
| Hydra’s Heart, —— ae Bice 22/06 03{N 
| nt Raa O9 32'O7F 15948 


RETO eee 


Che Cle of the frexoing Cables. 


To know the Hour when any Star cometh upon 
the Meridian. 


‘The Rule. 


Irft eek the Right- A (cenfion of the Star, and alfo the Right. Afcention 
of the Sun in the Tables aforegoing ; From the Right-Atcen. of the 
Star fubcra@ the Right-Afcen. of the Sun. | But when the Right- Afcefi- 
fion of the Star istefs than the Right-Afcenfion of the Sun, then add 24 
Hours thereto, and theRemainder will thew ‘you the Hour Atternoon 
when the Star cometh upon the Meridian, and if it does exceed 12 
Hours, then fubtract 12 Hours therefrom, and the Remainder thall thew 
the Hour and Minute -of the Star’s coming upon the Meridian after 
Midnighr. 
Example 1. 
Upon the roth of Apré/, | would know when the Lions Heart cometh 
wpon the Meridian: Therefore if you look in the Tables of Right-Afcen- 


Gon and Declination for that Star, you will find it to be 9 Hours 51’. 


Then look inthe Tables of the Right-A(cenfion of the Sun, and right 
againtt the 10th of Aprél you will tind the Right-Afcention of the Sun to 
be 1 Hour 54’, which fubtra¢ted trom the Right-Afcenfion of the Star, 
there remain 7 Hours 57’, which is the Time that the Star cometh to the 
eridian’ Afternoon. 
, Example 2, 
Upon the sth of November, I delire to. know when the Bull’s Eye 
‘ cometh upon the Meridian. The Right-A(cention thereof by the Tables 
you will find to be 4 hours 17’, the Right-Alcenfion of the Sun that 
Day is 15 Hours 23’. Therefore becaufe the Right-Afcenfion of the 
Star is lefs than the Right-A(centfion of the Sun, [ add 24 hours to the 
Right-Alcenfion of the Star, which maketh 28 hours 17 min. From 
which fubtract the Right-Alcenfion of the Sun, and the Remainder ts 
12 hours 54min, from which [ fubtra@ the 12 hours, and the Remain- 
der is 54 min. So thac the faid Star cometh upon the Meridian 5 4 min, 
after M dnight. 

And here note, That the Table of Right-A(cenfion of the Sun is cal- 
cnlated for Noon every Day, and that ic doth encreafe by about 4 min 
eacs Day; fo thar it may be proportioned, by allowing for every 6 hours 
after Noon one Minute. 
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A Table of the Latitudes and Longitudes of the principal 
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| Ports, Harbours, Capes and fflands, 1n pe Pa aa 
Us hi : wm \ ‘ z , s ° ° Ee] ] al yy 
mae ey ii! | Parts of the World: Beginning gy A Gigs ioe 
a Way | || | Pico Teneriffa. Colle@ed from the be Narts, we 
| | pee ad 7 Lf f feveral able and expe- 
Bee et (criptions, and Obfervations o a ca Sebi 
it | Reh AS ute } : anc Her INdlions. 
| eae | rienced Navigators of our own, and ot 
} } ; Rea see seat stake EE EA LN ME: REPS F erates 25 
it} te re cae IRR MBER cr here nes Ee ie ree ee ee A bd 1 q P { | 7 <¥4 a 
hy atitude. | Longir, 
) il wel Lat | 5 
i | | iaces Names. far 
: | | | } Places Na 1). M. | M. 
’ | SSP sci, Cae Malia MAM 62s 
BY ae eS Ti eg Re o Nj 26 
: | Ae Me (e ¥ Acluits Headland 19 as N a fd 
| VE a. | & 2 Fair Foreland ———— --——~ ie eee. Pi io 
ait A immae her |) a | —-—-— 1738 32 Ni25 10 
aca) | 8 4 Black Pott ——— no as N | 330% 
Be » S 2 Point Look-out Kapaa oie Medes ee 3) NI ee - 
any kee SSS he ——-178 25 N138 oo, 
Mh ‘4 TM WS Cape pinto ae ee Bo Nelo dea 
i } BE Hi Bue | Point Negro a ees 77 “i N ia ie 
a | / ; ; — igen Mes e ge 
A | Hi Pe Leatileih see pr Beas ie a 
AME dU Hil 76 13 Ntar gol 
bate Bg Cope Sind = ss Seige EP ete 
ae vette | bit | | | 2 = y Cherry Ifland |e eG. Wy 74 ae N ni > 
W | 1&8 0} \South- Point of Trinity Ifland pmsagaia PAs - N a 7s : 
ete Crone’ Foreland in Trinity IPflana. fpr Ta 
| | ) pms et 25 Nor 3 
mi | |, = Orange Ifland — Si ) N : 39 
i Be aoe il iY " Y ere: 4 ‘ gO 59 
Sige deh |! i NS | Ice Point Wt Ga Cy 77 i Ni- q 
ae e i iy > _ | ddmiralries Iland —— Set RIOTS N | a a 
h bat ve a Langenefs —_—— ma 174 SS N 48 5 
Bean FA | = BS Croft Pos artless I Del Di iene 9 
| Li 3 8 2 Crofs Point —— a 
ie Sun Lp sah cn Bei ———-}70 40 N} 75 O00 
Ht ON | Fretum Burrougp '— , SCG Be 
iH | cs 6 | dhe River Oburinthe Tartarian Sea |} 69 1 N | 49 
| Vanom ihe, sith ag T AGP pao. 190 
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| The Ufe of the Table of Latitudes and Longitudes 
| of Places. 


§ N this Table there are two Columns, the one fhewing the Latitude, 
the other the Longitude of Places: The Latitudes are diftinguithed 


by the Letters N and S, which thew the Latitude of the Place to be 
§ either Northerly or Southerly. The Longitudes are all accounted 


Eafterly, from the Meridian of Pico on the Mand of Teneriff. An 


Example or two will make it plain. 
Example 1. 
What is the Latitude and Longitude of the Lizard, upon the Coaft| 
ba datea! | (it of England? | 
eg eae Againtt the Lizard, you will find 50° oo! North Latitude, and 
1) Hi 12° 37' of Longitude. 
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W nat is the Latitude ana Longitude OF beéi BAAS, one OF AMe % ejt- 


ARNT LE ae oes ae “OER Tano. 2156? eo! 
Avaink Bermudas you will find Lat. 32° to N. Long. 310° §0°- 
2, Totind the Difference of Longitude between ally two Places. 


fa) 


Take the Longitudes of the two Places out of the Tables, ‘and tub: 
traG the leffer Longitude out of the greater 5 andif the Remainder be 
lefs than 180°, that is the Dift. of Long, but if the Remainder be more 
than 180°, fubtraét ic from 360°, the lat Remainder is the Duh 
of Long. 

Example 1. 3 

What is the Difference of Longitude between Bermudas, and Cape 
Race in New-found Land ? : 

The Longitude of Cape Raze is —-- —" 328° 30 
’ Bermudas, ——— 3.1959 


of 310 .5¢ 
The Remainder is the Diff. of Longitude ——-——17 40 | 
Example 2. eo the 
What is the Difference of Longitude between the Lizard and Cape 
Raze. 


The Longitude of Cape Raze is ~ ick EB ae: 
of the Lizard,~ 2 12 37 
The Remainder is greater than 180° ——315 §3_ 
Therefore (ubtra& it from-— —— —— - 300 CO 
‘The laft Remainder is the Difference of Longit—— 44 07 
3. To know whether the Longitude between any two Places be 
Eafterly or Wefterly. 


1, When the Remainder firft found is lefs than 180°, then-if you are 
bound to that Place which hath the lefs Longitude, your Diff. of Long. 
is Wefterly ; and therefore you muft fail tothe Weftward: butif yeu 
are bound to that which hath the greater, your Diff. of Long, is Eafter- 


ly, and you muft fail thither Faftward. 


2. When the firlt Remainder is greater than 180°, then if you fail to 
that Place, having the greater Longitude, your Diff, of Longit. is Welter 


ly ; if tothat which hath the lets, Eafterly, 
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The Ufe of the Table of Meri- 


dional Parts. 


N this Table, the Left-hand Co- 

lumn upon every Page under M. 
beginaing at 1, and ending at ¢09, 
contains the Minutes anfwering to e- 
very degree of Latitude, The other 
Columns,diftinguifhed by 1 d. 2 d.&c¢. 
to 89 d. contain the Meridional 
Parts an{wering to every degree of 
Latitude. The Ufe of thefe Columns 
together, is to find the Meridional 
Parts for every degree and minute of 
Latitude. An Example or two will 
fufficiently explain it, 


Example te 


The Latitude of s1 deg. 12 min. 
to find the Meridional Parts, 

In the Column under ¢r d. and 
right againft 12 M. in the Left-hand 
Column ftands 38, and joining 35, the 
two Figures in the fame Column, that 
ftands next above 88, towards the 
Left-hand, the whole is 3588, the Me- 
ridional Parts required. 


Example 2. 


The Latitude of 87 deg. 52 min. to 
find the Meridional Parts. 

In the Column under 87 4. and 
right againft 52M. in the Left-hand 
Column ftands 697, to which joining 
¥3 towards the Left-hand, the whole 
as 130985 the Mer idional Parts re- 
quired. 

The Ufe of cthefe Meridional Parts 
are fhewn in the firft Problem of 
Mercator’s Sailing, Chap. 6. 
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An Explanation of the precedent Kalendar. 


“YN each Page there are eleven Columns ; the firft fheweth the Day 
i of the Month; the fecond, the Days of the Week, expreffed by 
the Week-day Letters, as in the Year 1694, in the Month of April, 
you will find F for Saturday, and G for Suaday, which is the Domi- 
nical Letter for that Year, (as you fee in the Page before the Kalen- 
dar.) The third Column fheweth fome Remarkable Days, and the 
Southing of feveral Stars at Midnight, with their Declinations from 
the Equinodtial ; as in the aforefaid Month, you will find againft the 
fourth Day, there fiands the Lajt in the Great Bear's Tail, which fhews, 
that the faid Star comes to the Meridian the fourth day, at twelve of 
the Clock at Midnight. The fourth Column fheweth the Place of 
the Sun for the firlt Year after Leap-Year (according to Mr. Street’s 
Tables); as againft the third of April, you will find the Sun to 
be in 24° 5! of Aries. The fifth Column fheweth the Declination: 
of the Sun, for the firft Year after Leap Year; as’ againft the third day 
aforefaid, you will find the Sun’s Declination to be 9°22’. And after 
the fame manner the other fix Columns’ are to be ufed ; as againft the faid 
third day of Apri/, you will find in the fixth Column, in thefecond Year 
after Leap-Year, that the Sun’s. Place is 23° 51! in Aries 5 and in the 
‘feventh Column the Sun’s Declination to be 9° 16’; and in the eighth 
Column, and in the third Year after Leap Year, the Sun?s Place is 23° 
37' in Aries; and in the ninth Column, the Declination of the Sun is 
9° 11'-5 and in the tenth Column, in the Leap-Year the Sun’s Place 
is 24° 21! in ries; and in the eleventh Column, the Sun’s Decli- 
nation is 9° 27'. 
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explanation of the alendar. 


Fiow to find the Day of the Month, or Week-Day, for any 
Time pajt or to come, by the precedent Kalendar. 


IRST, you muft find the Dominical Letter by the Table before the 
Kalendar, or elfe by the Rule delivered in Chap. 8. Set. 3. and 
thereby you may difcover the Day of the Month, as follows. 


Example 1. 


What Day of the Month was the firft Monday in Augult, in the 
Year 1645 : 
By the former Rule you will find the Dominical Letter was E ; then 


turning tothe Month of Auguft, call E Sunday, and the F that follows 
is Monday, and the firft Monday is the 4th Day of the Month. 


Example 2. 
What Day of the Week will the Tenth of February be inthe Year 1708 ? 


This Year will be Leap-Year, and in the Table hath two Domi- 
nical Letters, D and C; the firft of them ferving from the Firft of 
Fanuary, till the 25th of February, and the other from thence to the 
Year’send : Therefore againft the roth of February ftands F , then 
calling D Sunday, Eis Monday, and F is Tuefday, the Week-Day 
fought. 

Example 3. 


What Day ef the Month 1s the fecond Thurfday +n the Month of Bx 
gult, in the Tear 1708? 


The Dominical Letter for the latter part of the Year is C, there- 
fore C ftands for Sunday,D for Monday, € for Tuefday,F for Wednet- 
day, G for Thurfday ; and againft the fecond Gin Axguf, is the 
: 3th Day of the Month, which was required. 
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Examples of the Ufe of the foregoing Tables, For the Sun's De-= 
clination for Years to come, &c. 


Example 1. 

Anno 1695, May x. the Declination of the Sun is required. 

Firft, From the Year 1695, I dedu& all the Hundreds.and-.Scores, that is 1680 ; 
and the Refidue 1g I'divide by 45 the laft Remainder 3, fhews it is the third after 
Leap-year. Therefore, Secondly, In the Kalendar for four Years, I look for the 
third after Leap- Year, and do find ic anfver to 1676 3-in which Year, on May i. the 
Declination of the Sun is 17° s9' North. - Thirdly, Then out of 1696, I fubtra@ 
1678, and with the Refidue 20, Ienter the Table of the Variation of the Sun’s Declina- 
tion for Years, &c. where under 20 Years-in the Head of the Table, and againft Aya 1. 
on the left-hand, J find the Variation 2’ North: But the afore-found Declination was 
alfo. Noreh, therefore to the faid Declination 17° 59’, I add the Variation 2’, and 
the Sum. 1s 18° 1’ North, the crue Declination of the Sun, .Auno.1695, May x. in 
the Meridian of London as was required. 

Example 2. 

Anno 1728, Septemb. x. I would know the Sun’s Declination ; from 1728; reject. 
ing the Hundreds.and Scores, I divide the Refidue, which is 8, by 4, the Remainder o 
fhews itisa Leap-Year5 under which Title, I find 16963; inwhich Year, on the firft 
Day of September, the Declisation of the Sun is 4° 13’ North. Then from 1728, I fub- 
tra 1676, reftss2 Years3 under whieh, and- againft Septemb, 1. (in the Table of Vas 
viation in Years) I find the Variation 9’ South 5. which fubtra&ed from the afore-found 
Declination, 4° 13’ North, refis go° 4’ North, the crue Declination of the Sun, 

And herenote, That when the Declination and Variation are both North, or both 
South, their Sumisthe true Declinariom; .but if the one be. North, and the other 
South, tc is cheir Difference. 


For the Declination of the Sun out of the Meridian of London. 


Anno 1696, April 11, at fix of the Clock Afternoon, I would know the Sun’s Declina- 
tion. The 11 Day at Noon, Ifind it inthe Kalendar, 12° 16’ North, andthe 12 Day 
12° 35 5 therefore fubtraCting the leffer Declination; 12°16’, out of the greater, 
12° 35’, the Refidue 20’ is the daily Encreafe, Then in the Table of. Variation in’ 
Hours, @¢. under 6 Hours in the Head, and again{t 20’ on the left-hand, I find s’, the 
proportional Part; which (becaufe the Hour was Afternoon, and-the Declination 
encreafing ) added to the afore-found 12° 1 g', the Sim-is 12° 20’ North, the Decli- 
nation required. 

Examp. For the Declination of the Sun, Anno 1696,. Off0b. 28. at 8 in the Morn- 
Hig 5 that is 4'Hours reckoned backward from Noon. In. the Kalendar, the Declina- 
tion on O¢fob, 28. that Year is 16° 29’, and on the 27 Day 16° 21’ South, the Diffe- 
rence is 18'5 againft which, and under 4 Hours, .in the Table of Variation in Hours, ¢. 
{andthe proportional Part 3’; which (in this Example) fubtra@ed from. 16° 39’, 
there remainech 16° 36’ South, the Declination fought. And chus may the true. Des 
clination of the Sun be eafily found ar all times, and in all Meridians, of which: Ifup- 
pofe here wilineed no more Examples. The Sun’s Horizontal Parallax. is only-15 Se- 
conds, therefore the Parallax need nor be applied at all: Alfo the Sun’s  Refraétion is 
demonfiratively equal tothat of che Fixed Stars ; which latter is, by the Obfervation 
of Tycho Brabt, inthe Horizon 30’, andds o’ in 20° of Altitude. Vid. Chap.8. Seét.1. 
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backwards to 7 % Points Diftance is pla ced in the two outer- 
moft Columns: of each P Page, ie the word “As be i on the left-hand 
Page, beginning at 1, and increafing to 503 on the right-hand Page, 
be eginning at 51, arid i increaling to 100, The Difference of Latitude 
and Departuré ftands under the Courfe at the Head of the Table, and 
over the Courle at the Foot thereof, diltinguifhed by the words Lat. 
and Dep. 

1. Inthis Tabl le, if your Diftance exceed not 100 Miles or Leagues, 
the Difference of Latitude and Departure will be given in Miles or 
Leagues, and 400 Parts of a Mile or League: But it may fuffice, if 
tie Difference of Latitude and epee be taken only to Miles or 
Leagues, and te He Parts of a Mile or League, with this Allowance, 
chat if the Parts be 26 or more, inftead thereof fet down 2 Ten ths, 
We CIs ee ee o 
(which is 20 baie Parts) if 26, or more, 3 Tenths 5. if 36, or 
more,. 4 Tenths 5 if 46 or More, 5 Tenths 5 if 56, or more, 6 Tenths 
if 66, ormore, 7 LTenths ;.if 76, or more, 8 Tenthss. if 36, or more, 
9 Tenths « if 96, or more, heli idkicthe Miles or Leagues of Difference 
of Latitude or Denarture, 1 more than they are in the Table: As for 

nftance,, inftead of 19.16, fet down 19.2 id be for 27.27,. place 
a for 49.59, place 49.63 for 52.72, place $2.8; for 76.96, 
place 773 tor 78.96, PRCE IS 79. Miles or Lonsues 
2. Tf the Diftance be above 100, and not exceeding 1000, this Ta- 
le c gives the Difference of Latitude and Departure in Miles.or Leagues. 
and tenth Parts, being taken out at twice. . 

3. Hf the Diftanc e be more than 1000, and exceeds not 10000, the 

De 
q 


Ditte erence -of Latitude and parture is given in Miles or 1. eagies, as 
mall be expla ained by what foll lows. 


« 


& 


of Watitttxe and Departure. 24° 
This Table is very ufeful in the refolving thele 6 Problems in Naviga- 
tion following 3 provided, inthe ¢ latt Problems, the Dittance either 


equired exceeds not. 100 Miles or Leagues, 


robiem I. 


The Courfe and Difance given , to find the Difference of Latitude 
and Departure. 
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Example 1. 


A Ship fails WS. W. Weft, 50 Miles; to find the Difference of 

Latitude, and tae D eparture. 
On the left. -hand P Page of the Table, over 6 = P oints, and right a- 
gaintt so Miles diftance, you will find over te word £ Lat. 14.31, and: 
ich being contracted atc 


3 
over Dep. 47.85 3 whic cording to the firft Rule 
foregoing, fhews fa Diff, | oe Lat.to be 14.5.Tenths, and your De- 
ths 
i} 


as was. required. 


parture 47.8 Tent 


Example. 2. 
A Ship fails E. by N. half Eafty 125 Males to find the Difference of 
Larieule ana Departure. 

This muft be taken out of the Table at twice, after this following 
manner : 

To perform this, you muft account 1 at the beginning, of the Table 
to be 103, and 2 to be 203 34 303 4 405 5,50: And fo 10 to be 
¥OO 4 II, 1105 12, 1203 and 20 to be 2005. 30, 3003 40, 400% 
50> 5003 60, 6003 70, 7003 80, 8004 90, 9005 and too at the 
end, to be 1000. 

Accord ding, to this Direction 5 againtt 12 (which ftands for 12¢) on 
the left-hand Page, over 7 + Points, 
ever Dep. whi ch done, accot rding to ce min Rule before given, your 
Difference of Latitude is 11.8, and your L Departui c€ 119.4 Then take 
out. the Diff. of Lat. and Dep. for the Remainder, whi chis 5, according 
to the firft Rule aforegoing, and after the manner O rf the firl t Example e of 
this Problem; fo you will fina prince of Latitude to. be 0-53. 
your Departure 5.0: This d 
after this manner. 
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one, fet hem down, and add them ¢ 


ftands 1.13 over Lats and 11.94. 
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So that your Difference of Latitude for the whole Diftance 125 Miles, 
is 12.3 Tenths, and your Departure 124.4 Tenths. 


Example 3. 


A Ship fails N. W. by N.2- Weft, 976 Miles 5 to find the Difference 
of Latitude, andthe Departure. 


Under 3 Points, and againft 97 (taken for 970) ftands 77.91, 
and 57.78, that is the Difference of Latitude 779.1 Tenth, the De- 
parture 577.8 Tenths; againft 6 ftands 4.82, and 3.573 that is, the 
Difference of Latitude 4.8 Tenths, the Departure 3.6 Tenths; which 
added together, makes the whole Difference of Latitude 7823.9, and the 
Departure 581.4. 


Example 4. 


A Ship fails N. E. by N. half Eaft, 7968 Miles; to find the Diffe- 
rence of Latitude and Departure. 


To perform this, you muft account 1 at the beginning of the Table 
to be 1003 2, tobe 2003 3, 300; 4, 400: Andforo to be 1000; 
It tobe, 11003 12, 12003 13, 13003 14,1400: So 20 to be 
2000 5 30, 30005 40, 40003 50, 50003 60, 60003 70, 7OO00$ 
80, 8000; 90, 9000; and 100, 10000. 

According to. this Direction, againft 79 (taken for 79CO) and une 
der 3 + Points, fiands 61.07 for the Difference of Latitude, and 50.12 
Miles for the Departure, according to the third Rule. Then take out 
the Difference of Latitude and Departure for the Remainder 68, ac- 
cording to the firft Rule, which you fhall find to be 52.6, and43.1 5 fo 
the whole Difference of Latitude is 6159,6 Miles, and the Departure 
5055-1 Miles. 
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Problem IT. 


The Courfe and Difference of Latitude being given; to findthe Diftance 
and Departure. | 


Example. 


A Ship failsW. NN. W. half Weft, until ber Difference of Latitude be 


14.5 Leagues; t0 find the Diftance, and the Departure. 
Look over 64 Points the Courfe, in the Colunan of Latitude, until 


you find 14.5, and right againft it you will find the Diftance 59 
Leagues, and the Departure 47.8 Leagues. 


Problem UT. 


| The Courfe and Departure given ; to find the Difference of Latitude, 
and the Diftance. 


Example. 
A Ship fails SW. byS.4.W. until her Departure be 47.7 Leagues 5 
to find the Difference of Latitude, and Diftance. 
Look in the Column of Departure, under 3% Points, until you find 


47.7, and right againitt 
Latitude, and 71 Leagues for the Diftance. 


problem IV. 


The Difference of Latitude and Diftance given, 0 find the Courfe 
and Departure. 


Example. 


A Ship fails 50 Leagues between the South and the Weft, ants her Dsf- 


ference of Latitude be 14.5 Leagues 5 to find the Cour fe and Departure. 
Look over your feveral Columns in the Table, until right againlt 50, 

the Diftance, you find 14.5 in the Column of Latitude, over the Courfe, 

whiclr will be 62. Points 5 and in the Column of Departure you will 


find your Departure to be 47.2. 
Jroblen 


it you fee 52.6 Leagues for the Difference of 


soe : Whe Mea the Cables 
jrobleim. ¥. 


The Diftance ana Departure givens to find.the Cour fe and Dif. 
ference of Latitude. 


Example. 

A Ship: fails 80 Leagues North Wefterly, until ber Departure be 53.7 
Leagues, to find the Courfe and Difference of Latitude, . 

Look over the feveral Columns in the Table, until right againft 80 the 
Diftance, you find 53,710 the Column of. Departure ; over it you will 
fee 3 4- Points, or N. W. by N. 3 W, and the Difference ‘of Latitude Cin 
the Column of Latitude, right againft 80) to be 59.3 Leagues, 


P~obiem. VI. 


The Diference of Latitude and. Departure-being given, to find the 
Courfe and Diftance. 
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Example. 
yw Ship fails between the North. and the Eaff, until. her Difference of 
Latitude be 56.3 Leagues, ana her Departure. 51.03 to find the Courfe 
and Diftance. 7 | 
Look over your feveral Columns of Latitude and Departure, until you 
find 56.3 to ftand againft 51.0, or the neareft thereto, which will be 
under 3 { Points, which makes the CourfeN. E, by N.2-E, and it flands 
right againtt76 Leagues, which is the Diftance required. 
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How to work, a Traverfe by the Tables of Latitude and Departure. 
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Thefe Tables in the working of a Traverfe, are both readier and far 
more exact, than any lnftrument commonly ufed for that purpofe, ° 


| , Example. 

Ai Ship fails S W.by $.37', then S, by E. 35’, then $.E. by S, 2 E. 47", 
then W, by N.59', then W.N.W. 62), then S.W.2W. 17's: to find the 
Difference of Latitude and Departure, andthe dire& Courfe and Diftance 
fromthe firft Place. | 


Set 


of Latitude anv Departure. 


Set down the feveral Courfes and Diftances, as in the 
following Table. 


ee 


| Courfe. Dift 


esr 


ae ESS i >> a 
South,| Eat. Weft. | 


| Nerth. | 


P| 


we) j 


semesmcaune: 


ead 


South Welt by South.) 37 


| 


| © South by Haft. | 39 | 21 07.6 
36.3| 29.8 


IS. E. by South + Balt.) 47 | 


as 


| Weft by North, | 59 | [1.5 57.9 
W.N. W. | 2 23.7 $7.3 
| South: Wel x, Welt. | 27 | 17.1 | 20.9 
| 26.2 | 122.4) 37-4155.7| 
| 35:2 | 37:4 
SS <_< |_| OO 
diff. Lat. $7.2| Dep. if 19.3] 


ante 


Gnd the Difference of Latitude and Departure 
for thofe Courfes and Dittances feverally, which place in their proper 
Columns, viz. If the Courfe be North-Eafterly, place the Difference 
of Latitude in the North Column, (under North) the Departure in 
the Eaft Column, (under Eaft): If the Courle be South-Eafterly, 

lace the Difference of Latitude in the South Column, (under South) 


P? | 
and the Departure in the Eaft Column.- If the Courfe be North- 
Welterly, place the Difference of Latitude in the North Column, and 


the Departure in the Weft Column. If the Courfe be South Wefterly, 
place the Difference of Latitude in the South Column, and the Depar- 
ture in the Weft Column. 
As for Inftance In the foregoing Table, the firtt Courfe is South- 
Welt by South, the Diftance 37 : Becaufe the Courfe is South W efterly, 
you mult place the Difference of Latitude 30.8 in the South Co- 
lumn, and the Departure 2 you fee in the 
Table. 
The fecond Courfe is S. by E. the Diftance 39; thereior 


e ry c § re a cy Pee eset as 
the Courfe is South Eafterly, you mult place the D 
413 the | 


in. the South Column, and the Departure in the halt Ui 
Iitre a nde {7 od of L Y {t 
like is to be underitood OF tne Feit. 


Then by Problem. 


x ' ery TA/ = fe PST, a 6 AP 
0.6 in tae VV efi nOLUTR as you 
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Having found the Difference of Latitude and Departure for all your 
feveral Cotrfes, and inferted them in their proper Columns, you muft 
then add up your North, South, Eaft and Weft Columns, and fubtraG 
the North and South Columns the one from the other, oz, the leffer 
from the greater-, and likewile the Eaftand Weft Columns. So in the 
Table, the Sum of the North Column is 35.2, of the South Column 
122.4, of the, Eaft Column 37.4, and of the Weft Column, 156.7 5 

. fubtreéting the North Column from the South, the Remainder is 87.2, 
the Difference of Latitude Southerly, and fubtraét the Eaft Column 
from the Weft, the Remainder is 119.3, the Departure Wefterly. 

Having the Difference of Latitude and Departure, you may find 
the Courfe and Diftance by Preb.6. But in this Example, becaufe 

your Difference of Latitude 87.2, and your Departure 119.3, out-run 
the Table, that isto fay, you can find no fuch Numbers in the Table, 
therefore take the half of your Difference of Latitude, which is 43.65 
and the half of your Departure, which is 59.6. According to the 
Direétion in the fixth Problem, over 43 Points, againft 44.1, in the 
Column of Latitude, you will find 59.4. in the Column of Departure, 
(which are the two neareft Numbers in the Table) and in the Column 
of the Diftance 74, which being doubled, is 148, the Diftance fought. 
The Courfe is between the South and the Weft, becaufe the Difference 
of Latitude is Southerly, and the Departure Wefterly, therefore the 
Courfe is South Weft 3. Weft, which was required. 

This Table in particular is very ufeful for the eafy forming of a Sea- 
Reckoning or Journal, as fhall be inftanced in this following Table, being 
a Journal from the Lizard to the Barbadees. 
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The Title of your Journal may be as follows. 


A ‘fournal of our Voyage, intended, by God’s Permiffion, from 
the Lizard, inthe Latitude 50 deg. oomin. North, Longi- 
tude (from the Pike of Tenerift) 12deg. 37 min. to the 
Ifland of Barbadoes, in the Latitude 13 deg. 12min. N. 
Longitude 319 deg. 40min. The Difference of Longitude 
between the Lizard and the Barbadoes # 52 deg. 57 min. 
the Courfe S.W.2 Diffance 2821 min. March 22d, 1694. 
The Lizard bears North, diftant 30 min. 
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Days. 


S.W. S.W.by Sou South. 79]. _ 


|S.W.by South: 38} _ 76.7142.39| ae 

SSW. Wii SE 

S. S. W. | ce ee ae gt| | 36-4) 

sal\5.S. W. 2 Weta» | 90.0 O138.11} | 62.0 

Correction by tion by Obfervat, 27 Be 37-44 | 200 

Soath- Welt. Bo co wet 60.113 0-44 75:0 

W.s.W. | 20 | 76 1925/3636) | 24.0 | 

SMW 331 [God] alse} | 89 

South by Welt. es 1t77 | 23.4|34:07 | 7.94 

Correct. . by Obferv.|3. © r.0 B4TOT. 0) 

5. by W. 4 W163] jrs6.9}__| 47:6)30'33 | 56:7 

SS, S. W. 125 iss: a 47-9129:37|__ | 35) 

S.W.by South. TE Si | 61 .2|28.06 isd 

: S.W -by South. ae LOL. ee" 67.8 812.6. 25 | 762 

912-4. 43| South-Welt. {116 gs al | 82.0125-03| | 9h 

sl (Correction 1 by Oblervat. | 20.0). 11.0 2.4043 ae [2.0 
10) | | South- Welt. 1 971 68.6) | 68.6 os | 75.0} 
| [1 |S South- Welt. Vet | 96) | 6 67. 19) 67-9 22.26] | 740 
| (DO ae | South- “Weil. | 14 | 8 80.6] “80.6 go lee 
| Pe ees eS cn outh-Welt.. ir8) vi ee 83. re “| 835 83.5119-41| | 89-9 
i IS.W. aby Welt wees “61.2| | 93 Oleg 18.49 | 952 

lis! “TW. S. W. | 91 ae i ic $4.1|18. os| | 89.4 
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ouch-Eaft-| Weft- (Lat. by, Eaft| Weft 
ing |reckon, Diff. Longic. § 
D. M. min, min. | 


The Courfe 4 S ° ing | ing 
Corrected. | nin.| S* | min. min. min. 
; Lizard South. South. 30 30.0 4.9.30 
‘South-Welt. eft. [112 79.2 79. 2148 tl 
iS. W.by S. SW: “92 § 5-6 45: 7471 15 
Correétion by Obfervat, 15,9) Niue 0147.08 ° 
S.W. by South. 96 179.8} | 53s Band 4 
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{Dift. 'Z, \South- Eaft- |weft- |Lat. by Eaft | Weft 
in | & | ing, jing. | ing. |reckon|Diff.| Long. 
Imin. min.) 5 min. |min. } min. D. M. min. _min, 


Brought from the Sie 18. 105|1. 0 1667.3 3 


The Courfe 
Cor rected. 
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The whole Difference of Longitude is 3177.6, or 3178 min, 
which is 52° “58! Wefter] ly 


The Explanation of this Fournal. 


In this fournal there are eleven Columns 3. The firft contains the Days 


of the Month, the fecond the Month of the Year, and Latitude by 


Obfervation; the third, the Courfe corretted, by the allowance for 


| Lee-way, or for the Variation of ‘the Compafs, if there be any; the 
fourth, the Diffance failed; the fifth, fixth, feventh, and eighth, the 
|Northing, Southing, Eafting, and Wefting, being "the Diff fference of 
Latitude "and Departure of the feveral Courfes and Diftancess the ninth, 
jehe Latitude by Dead-Reckoning 5 the tenth, the Eat Diff. Longitude ; 


ithe eleventh, the Weft Diff. ge ae 
Here 
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Here 1 would advife all that are defirous to give 4 good account of 
their Reckoning (0 any that have Reafon or Authority 0 demand if, 
That they keep. 4 particular Account of that which they take off the 
Log-board every Day at Noon, either in the fame Book where they 
‘keep their Reckoning, or elfe in a Book difinély for that purpole, 
commonly called a Lrg- Book 
Now. the manner of proceeding in this Journal, by the help of the 
Table of Latitude and Departure, is very facile, as follows: The 224 
of Marca at Noon, { find the Lizard to beat North, and to be difiant 
anit PO Leapiies, -OF 30 Miles © erefore 1 am to the 


s Minutes 5. th 
| Southward of the Lizard 30’, which 30’ I place in the South Column, 
and that makes my Latitude 49° 30). 

The 234 day my Courfe is South Welt, and the Diftance 112%, 
>to find th nce of Latitude and Departure bY the Table of La- 
ritude and Departure, accoyding to Prob. 1. Lhe Difference of Latitude 
4 and. the Departure 99.2 Becaufe the. Courie is South- 
| Wefterly, | place the Difference of Latitude in the South Column, and 
} my Departure ‘4 the Welt Column > ng’, orl 19) fubtyacted from 

ives the Latitude 48° 11'- 
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How to find the Difference of Longitude. 


To find the Difference of Longitude in the two laft Columns, you 
andtgor 0! (te prefent Latitude, 
Ai 


have both Latitudes, 48° 11', 
and the Latitude of tue Day before) and the Courte:S- W. by which 
you may find the Diff. Longitude, according, to the Proportion in 
Cap.6. Prob. 3. of Mercator’s Sailing 5 faying, As Radivs to the Me- 
vidional Diff. Latitude 5 So is the Tang. of the Cour fe tothe Diff. Leong. 
This Proportion being wrought by. the Logarithms, oF Guater’s Scale, 
(which may ferve in this cafe) you will find the Diff. Longitude 120", 
_which place in the Weft Column, becaufe. your Courfe is Welfterly. 


The 24th day is wrought after the manner of the 234, having the 
| Courfe and Diftance given, tO Gnd the Diff. Latitude, Departure, and 
| Diff. Longitude, as was fhewea before. 

| é 

] 

: How to corrett your Reckoning by Obfervation of the Latitude. 
rvation, 1 find my Lati- 


| On the 24th of March, by a good Obfe 
| eude to be 47°5 Whereas by my reckoning, I {hot 


at yA Ae ) ee eke 
hould be in the Lat. 47°. 
15’ 
~ ad 
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15’, fo that the Difference is 15! more Southerly: Therefore to cor. - 
rect my Latitude, I place 15' in the South Column, which fubtraGed - 
from 47° 15/, makes my Latitude by Reckoning to agree with the 

Obfervation. To correct your Departure, you mutt contider, whee 

ther the Fault may be imputed to your Courfe, or to your Dittance : 

If your Courle be well tteered, and you find no Current, nor any 

Variation of the Compas, then your Diftance is faulty; but if you 

cannot trult to the Courle fieered, then your beft way is to correq your 

“Latitude only, not medling with your Departure. If there be a Cur. 

rent, and vou know which way the Current fets, and how faft, ‘then 

find the Diff..Lat. and Departure of the Current, and add or fubtrat 

that Latitude and Departure to or from the Ship’s Diff. Lat. and De. 

parture, according as the Current doth further or hinder your Ship in 

her Courfe, But if you only by fome probable reafon conjecture there 

is a Current, then give what allowance you think meet in Diff Lat. 

and Departure, and fee if that will reform your Reckoning in your 

Lat. It fo, you have guefled well, but if it will not, it is t6 be 

fuppofed that you are miltaken in your Conjecture, or that there js fome 

other Caufe of this Error in your Reckoning. 

If the Compafs varies (as mot commonly it doth) then finding 
what the Variation is, and which way it is, you muft allow it in the 
Ship’s Courfe. But if you cannot impute the Error to any of thefe, 
then. (as I {aid before) the Diftance is faulty 5 and this is that which 
ufually makes the Difference between the Lat. obferved, and the Lat. by 
your Reckoning: And this I take to be the Caule of the Error this 
24th day of Adarch, and generally in this Reckoning, 

Now to correct: your Departure and Diff. Longitude, you muft add 
up the North, South, Eaft and Weft-Columas, from the Day that you 
correct, to the beginning of your Fournal-Tables : If it be the firlt Cor- 
rection you have made, or from the day of CorreGtion to the lat Cox. 
rection; if it be the fecond, third, fourth Correction, ec, then--fub. 
tract the Sums of the North and South Columns from each other, and 
hkewife of the Raft and Weft, and fay by the Rule of Proportion: As 
the Diff. of the Worth and South Columns, to the Diff. of the Eaft 
and We Columns ; fois the Difference between the Latitudes by Obfer- 
vation and Reckoning, to the Diff in the Departure. And for the 
Diff. Longit. As the Diff. between the Latitudes’ by Obfervation and 
Reckoning, to the Meridional Difference for thofe two Latitudes ; {0 is 
the Diff. in the Departure, to the Diff. in the Longitude, 


E wample, 


| Example. 

The 24th day you will find the Sum of the North Column oo, the 
sam of the South Column (leaving out 15', the Error) 164.8 min. 
ind therefore their Dif, is 164.8. The Sum of the Ea& Column is 
50 min. of the Weft Column 124.9. and their Diff. 124.9. Then the 


Operation by the Logarithm will be, 
Co. Ar. 


As the Diff. of the North and South Columns, 164.8 7.78304: 
To the Diff. of the Eatt and Weft Columns, ——— 124.9 2.09656: 
So is the Diff, between the two Latitudes, ———- 15.0 1.17609 


Qa QE 


To the Difference in the Depa II 1.05569: 


the Weft Column, becaule the Sum of the Welt: 


Place this 12 min. in| 
‘Column exceeds the Sum of the Eaft Column. 
In this Operation we neglect the Tenths of 


be regarded. 
The Operation for woe Difference wn the Longitude. 
and 47 deg. comin. by 


The two Latitudes are 47 deg: 15 min. 
which in the Table of Meridional Parts you will find the Merid. Diff. 


; Lat. 22 min. Therefore, 
| Go. Ar. 


the Departure, as not to 


1§’ —— ena 882391 
geen See a= OOS 1.34242 
—————— 1.04139 


ES ge SS 


As the Diff, between the two Latitudes, 
To the Merid. Diff. of thofe Lat. ——- 22 
So is the Diff. in the Departure, —-——— 1! 


Tothe Dif inthe Longitude, 41,207 72 


Qn © ose 


This 16! is placed in the Weft Column, becaufe the Departure is 


| Wefterly. 


* Afrer the fame manner are the Corrections made in .this Journal, on 


| the 30th of March, the 4th, the 9th, and the 20h days ot April, the 
Error being, ftrppofed to be in the eftimate Diftance. 

If your Ship fail feveral Courfes ins 24 hours, you mult find your Dift. 
Latitude and Departure, by working a Traverfe, according to Prob. 7 
in the Ule of the Table of Latitude and Departure 5 your Diff. Lat. will 


give you. what Latitude the Shipisin, then have you wo Latitudes, 2%: 
the 
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Dow to keep a Fournal at Sea. 
the Lat. the Ship was in the Day before at Noon, and the Lat, the Shi 
is now in, by which you may find the Meridional Diff. Lar. by the Table 
of Meridional Parts, according. to Chap. 6. Prob. 1. of Adercator? 
Then for your Diff. Longitude, fay, 

As the Diff. Latitude found by the Traver(e, 

Lothe Diff. Latitude in Aderidional Parts : 

So the Departure found by the Traver/e, 

Lo the Diff. Longitude for that Traverfe. 

To find the whole Diff. Longitude of « 
you make your Voyage. 

Add up the Columns of Eaft and Weft Diff. of Longitude, and fube 
tract the one from the other, the Remainder reduced into degrees and 
minutes, is the Diff. Longitude fought, 

In this Journal, the Diff. of the Eaft and Weft Col 
iS 3177.6, or 3173', which reduced into Degreés 
52°59, the Diff. Long. between the Lizard and ¢] 


5 Sailing, 


1¢ two Ports between which 


umns of Longitude 
and Minutes, makes 
1¢ Barbadoes. 


The Ufe of the Table of tenC hiliads, or ten 
thoufand Logarithms. 


d the Logarithin thereof. 


: Ny Number given under 10000; To fin 
| The left-hana Column of every Page contains Numbers in= 
{ 


T 
rey : Woy Mn | etre bi ry ! (; 4 a ES 7) nr 
creating in tneir natural Order from 1 to 999 
of each Page contain the Logarithms of all Numbers, trom 1 (0.9999. 
Thefe Columns-on the left-hand Page are diftinguithed with the Figutes, 
O, Ty 243543 thofe on the Right-hand Page, with 55 > 75 8, 9 


The other five Columns 


ova 97 
The Numbers in the left-hand Column, by the fupply of be Fi- 
gures on the-top of the other Columns, do extend to 9999, and 
to be read crofs both Pages, ) ate 

if the Number propounded to find its Logarithm confit of one Place . 
as {uppofe you were to find the Logarithm of (7), look for (7) amone 
the Figures on. the top of the Col | 


ST ° e , 2 « t. 0 
umins, and right againtt (©) in the 
dett-hand.Column, and under (7) you will find 0.8450980, which is 


¢ ra 
d re 


: 


tne Log, of 7° 
If ihe Number propounded confit of two Places, as (68) look the 
firtt figure (6) in the left-hand Column, and the lat 
top of the Pages then right again{t 
163325089). which is the Log. of 68. 


t Figure (8) at the 


(6) and under (8) you will find 


7. 
f} 


~ 


es ee 


Th: Ai of the Cable of Logarithms. 353 


If the Number confit of three Places, aS 5745 look for the two firlt 
Figures (57) in the lefe hand Column, and the latt Figure (4) at the 
top of the Page 5 then right ageint (57) and under (4) you will find 
a57E91I9, which is t ¢ Log. of 574. 

ofp the Number confift of four Places, as 9499, look the three firft 
Figures (949) In the lefi-and Column, and the laft Figure ( g) at 
the top of the Page; fo right againit (949) and under (9) you will 
find 3.9779779> which is the Log. of 9499. 

2. A Log. being given, to find the corre/pondent Number: 


Note; Vf the firft Figure of the piven Log. be (0), the Number 
foughe contilis of one Places if it be (1), it conlifs of two Places > 
f itbe (2), of three Places if it be (3), 6f four Places. 

Let the Log. be 09030900, this Log. will be found in the firlt 
Line of the Tableagainit (0), for if you look in the firtt Line, crofling 
both Pages, under (8) upon the right-hand Pege, you will find the 
given Log. which fhews that (8) isthe Number fought. 

Let the Log. be 1.919078) 3 look down the fecond Column of the 
left-hand Page, among, thofe Log’s, and you will find the nearelt, be- 
ing lefs than the given Log. to be 1.9030900, and the Number againlt 
‘tin the left-hand Column is (8) then look cro(s the Pages in the iame 
Line againit (8), and under (3) at the top of the Page, you will nud 
the Log. given, therefore the Number fought is $3: 

Let the Log. be 2.83186915 look-down the fecond-Columa of the 
left-hand Page, until you find a Log. being the nearet! lefs than the 
given Log. which will be 2.8260748, and the Namber azainit i in 
the left-hand Column, is 67; then look crofs both Pages in tie iame 
Line againit 67, and under 9 (atthe top of the Page) you will and che 
given Log, therefore the Number fought is 679. 

Let 3.9802761 be the Log. geven , look down the fecond Column 
as before, and you will tind the neareti {5 to be 3.g8CO03 45 and the 

Number againli it 955 3 and croffing the Pages, as before directed, un- 
der (6) you will have the given Log. Therefore the Number fought is 
50. : 
Let the Log. given be 3.9654 379 3 If you look in the Table, accor- 
ding to the former Direétions, you cannot find any Log. the fame with 
this here givens and this is comm my the Cafe in the ufe of thefe 


Tables ; but then you muft find the neareft, being ies than the Log. | 


given, which 1s 3.69664233> and the Number anfwering thereto is 


9256, whichis the nearelt in whole Numbers. 
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r-9w-\ His Table contains the Logaritbinical Sines, Tangents and Sccants, 
. of every Degree and M nuce of the Guadrant. 


1. To findthe Sine, Tangent, or Secant of any: Degree and Minute, 

If the Degree be lefs than 45, your Sine, Tangent, or Secant,.is found 
in. thofe Columns which are diftinguithed with the words, (Sine) 
(Tang.) (Secant) atthe head of the Table. 

But if the Degrees exceed 45, then your.Sine, Tangent, or Secant, is- 
found in thofe Columns, which are diftinguifhed by the words, ( Sine) 
(Lang.) (Secant ) at the foot of the Table. 

Suppofe you were to findthe Log. Sine, Tangent, or Secant of 32° 12's 
look tor 32° at the Head of the Table, and upon the lete-hand Page, 
in the Column of Minutes, under the Letter (M), you will tind 12!) 
andagainf{ 12', and under Sine at the Head. of the Table, you thall 
find 9.7266264, which is the Log. Stine of. 32°12! , and againft 12!, 
and under (Taag.)* you have 9.799569, the Log. Tang. of 32° 12' ~ 
and againft 12", and under (Secant)° you have 10.0725305, the Log, 
Secant of 32° 127 

Suppofe you. were to find the Log. Sine, Tangent -or Secant of 37° 47%: 
Look. for 37 deg. at the head of the Table, and upon the tight-hand 
Page (becaufe the Minutes exceed 30) in the Column of:Min. under 
GM),. you muft look for 47 min. and again{t 47 min. and under (Sine ) 
at the-head of the Table, you will find 9.7872317, the Sine of 37 deg. 
47min. And againft 47, andunder (Tang.) you will find 9.8894214, 
the Tang. of 37deg. 47, min. And againft 47, and under (Secant) you: 
will find r0.1021897, the Secant of .37 deg. .47 min. 

Suppofe you mere to find the Log. Sine, Tangent, or Secant of 64° 15's 
Turn to 64° at the foot of the Vable, and.upon the right-hand Page, . 
in the Column of Minutes, over the Letter (M) look upwards for x kes 
sgainft 15/, and over (Sine) at the foot:of the Fable, you will find 
9.9545793, the Sine of 64? 15! ; and againft 15', amd over (Tang. ) you 
will find 10.3166443, the Tangent of 64° ry’, And againft 15/, and 
ever (Secant_) you will find 10.3620649, the Secant of 64° 15/. 

Suppofe you wereto find the Log. Sine, tangent, or Secant-of 78° gg! s 
arn to 78° at the foot of the Table, and upon the left-hand Page, (be- 


cattle. 


Hayes? 


y 


Che Mile of the Table, Ke. 


1 ¢ & 2 ball ad 3 lam as : + ‘ pn, er + Fon fr 4 
eaufe the Minutes excced 30) inthe Column of Minutes, over (M) 
. c wT S® 


oye 
<: 
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look for 45'3 again 45, and over (Size) you find the sine of 78° 45! 


to be 9.99157395. and the Tangent, in the fame Line over ( Tang.) to I 
be 10.7013362 3 anc the Secant over (Secant) to be 10.7097643. 


wei NOU 


; 
. i 
2. ALog, Sine, Tangint, or Secant being given, to fiud the Degrees iW 
and Minutes.anfwersng thereto. Hi 
aie 


| 
This is bat the Converfe of the former, but that you may the more ili , 
readily turn! to. the deg. and min. required, take this brief’ Direction. a 
It it be a Sine, and the five firlt Figures be leis than 9.8494, or a Tan- 
gent lefs than Radius, or 10.0.00000 35 of a Secant, and the fix firft Pis- 
ures lefs than’ 10.1595 5 then it isa Sine, Tangent, or Secant of lefs than 
“45°, andis to be fought in thofe Columns diftinguifhed with (Sing) a, 
(Tang.) (Secant) at the Head of the Table; but if the Size, Tangent, Wh 
or Secant, exceed thefe refpective Numbers, then the Degrees anfwering i 
thereto are more than 45, and they are to be found in thofe Columns: Wl 
diftinguifhed by (Sine) (Tang.) (Secant) at the Foot of the Table. ty 
Suppofe you were to find the Degree and Minute correfpowding: to this 
Sine 9.7035329: This being lefS than 45, I run over the Columns of 
Sines diftinguifhed by (Size) at the top, and under 30°, and againft. 
2i', Itind the given Sine. : 
Suppofe I were to find the Degree and Minute corre{ponding ta this’ 
Tangent 10.3862931:, This being ‘greater than 45°, } run over the 
Columns of Tangexts, diftinguifhed by (Tang.) at the foot of the Ta- : 
| ble, and over 67°,and againft 3 97, } find the neareft lefs, viz.10.38600¢0,,. a 
| and therefore the deg. and min. correfponding are 67° 39!. , ne 


1. Note; LH you are to find the Sine-Complement, Tangent Comple=- 


| ment, Or Secant=Complement’ of any Degree and Minute as fuppofe ul \ 
| you were to find the Sine-Complement of 39°17’, fubtradt 39°17! i 
| from 90° oo!, and look. the Sine- of the Remainder, Cor Complement | Hi 
| togo) viz. the Sine of- 50° 43’. Ml) 

>. Note; If you are to find the Sine, Tangent, or Secant of ‘any. 1 


Number of Degrees and Minutes exceeding.90; as{appofe you were to» 
find the Tangent of 127° 39°, fubtrat 127° 39: from 180° 00!, and: 
find the Tangent of the Remainder, viz. the Tangent 52° 214, which : 
is. alfo the. Tangent 127° 39’, a5 was required. : | 
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